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PREFATORY  NOTE. 


In  the  present  edition  changes  have  been  made  thronghont  the 
book  in  order  to  conform  to  well-established  advances  in  the  various 
fields  of  physiology.  The  text  has  also  been  condensed  in  places,  and 
elaborated  in  others  where  it  has  been  deemed  advisable  for  the  better 
elucidation  of  the  subject-matter. 

The  chapters  most  affected  are  those  on  the  blood,  the  circulation, 
respiration,  food  and  digestion,  and  muscle-nerve  physiology. 
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OBL^PTER  I. 

THE  PHENOMENA  OF  LIFE. 


Human  Physiology  is  the  science  which  treats  of  the  Tarious  pro- 
cesses or  changes  which  take  place  during  life  in  the  organs  and  tissues 
of  the  body  of  man.  These  processes,  however,  must  not  be  considered 
as  by  any  means  peculiar  to  the  human  organism  since,  putting  aside 
the  properties  which  serve  to  distinguish  man  from  other  animals,  as 
well  as  those  which  mark  out  one  animal  from  another,  the  changes 
which  go  on  in  the  tissues  of  man  go  on  much  in  the  same  way  in  the 
ti^ues  of  all  other  animals  as  long  as  they  live.  Furthermore  it  is 
found  that  similar  changes  proceed  in  all  living  vegetable  tissues;  they 
indeed  constitute  what  are  called  vital  phenomena jVkud  are  those  proper- 
ties which  mark  out  living  from  non-living  material. 

The  lowest  types  of  life,  whether  animal  or  vegetable,  are  found  to 
consist  of  minute  masses  of  a  jolly-like  substance,  which  is  now  gener- 
ally known  under  the  name  of  jn-otoplasnu  Each  such  minute  mass  is 
called  a  cell,  so  that  these  minute  elementary  organisms  are  designated 
unicellular.  Not  only  is  it  true  that  the  lowest  types  of  life  are  made 
ap  of  protoplasm,  but  it  has  also  been  shown  tliat  the  tissues  of  which 
the  most  complex  organisms  are  composed  consist  of  protoplasmic  cells. 
Tims,  for  example,  the  human  body  can  bo  sliown  by  dissection  to 
be  constructed  of  various  dissimilar  parts,  bones,  miis(;los,  brain,  heart, 
lungs,  intestines,  etc.,  and  tliose  on  more  minute  examination  with  the 
aid  of  the  microscope,  are  found  to  be  composed  of  dilTcront  tissues, 
such  as  epithelial,  connective,  nervous,  muscular,  and  the  like.  Each  of 
these  tissues  is  made  up  of  cells  or  of  their  altered  equivalents.  Again, 
we  are  taught  by  Embryology,  the  science  which  treats  of  the  growth 
and  structure  of  organisms  from  their  first  coming  into  being,  that  the 
human  body,  made  up  of  all  these  dissimilar  structures,  commenced  its 
life  as  a  minute  cell  or  ovum  (fig.  2)  about  jj.yth  of  an  inch  in  diame- 
ter, consisting  of  a  spherical  mass  of  protoplasm  in  the  midst  of  which 
was  contained  a  smaller  spherical  body,  the  nucleus  or  germinal  vesicle. 

I 


% 


HANliBOOK    OF    niYSlnLOGY. 


The  |ilienoniona  of  life  tiieii  arc  exhibited  in  celle,  whether  existing 
iilone  or  developed  into  the  orgauB  and  lissueg  i>f  uninmle  aud  pluuis. 
It  must  be  at  once  evident  that  a  correct  knowledge  of  the  natnre  and 
activities  of  the  cell  forms  the  very  foundation  of  physiology;  cells 
being,  in  fact,  pliysiological  no  less  than  morphologic^il  units. 

The  prime  importance  of  the  cell  as  an  element  of  gtnicture  wm  first 
established  by  the  researches  of  the  botanist  Scblciden,  and  his  cooclu- 
Biona,  drawn  from  the  atudy  of  vegetable  histology,  were  at  once  ei- 

tended  by  Thcodor  »Schwann  to  the  animiil 
kingdom.  The  Oiirlier  oliserrers  definefl  a  cell 
as  a  more  or  less  g]d»erical  body  limited  by  A 
membrane,  and    containing    a    smaller   body 
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termed  a  nurhnts^  which  in  its  turn  incloses  one  or  more  still  smaUer 
hndim  or  nuchfth',     8ueh  a  doHuiiion  applied  admirably  to  most  vege«| 
table  colls*  but  the  more  extended  invei?tig:ition  of  animal  tissues  soonl 
showed  that  in  many  fjksea  um  limiting  meuibiane  or  cell-wiill  conld  bo] 
demonstrated. 

The  presence  or  absence  of  a  cell- wall,  therefore,  was  now  regarded  1 
as  quite  a  secondary  matter,  while  at  the  same  time  the  cell-substance  I 
came  gradually  to  be  recognized  us  of  ]irimary  importance.     Many  of 
the  lower  forms  of  animal  life,  i\</.,  the  Uhizopoda,  were  found  to  con- 1 
sist  almost  entirely  of  matter  very  si unlar  in  appearance  and  chemical] 
com]>08ition  to  the  celbgribBtunee  (if  biglier  forms;  and   this  frora  itaj 
chemic^il  rcscmhlanec  to  flesh  was  termed  Stirrotif  liy  Dujardin*     When 
recognized  in  vegetable  cells  it  was  called  Protoplasm  by  Mulder,  while 
Ivemak  applied  the  same  name  to  the  substance  of  animal  cells.     As  thoj 
presumed  formative  uiatter  in  ardrual  tissues  it  was  termed  HhtMrmaA 
and  in  the  belief  that^  wherever  found,  it  alone  of  all  substances  hae  to  I 
do  with  genera tiuu  and  rmtritiuh,  Beale  has  named  it  Gerfuinal  mfi//prj 
or  Bwplasm.     Of  these  terms  tbe  one  most  in  vogue  at  the  present  day,! 
as  we  have  already  said,  is  Protoplasm,  and  inasmuch  as  all  life,  lH>tli  in] 
the  animal  and  vegetable  kingdoms,  is  associated  with  protoplasm^  we  I 
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are  justified  in  describing  it,  with  Huxley,  as  the  "  physical  basis  of 
life,"  or  simply  "  living  matter." 

A  cell  may  now  be  defined  as  a  nucleated  mass  of  protoplasm,  of 
microscopic  size,  varying  in  the  human  body  from  the  red  blood-cell 
which  is  about  ^^^-^  of  an  inch  in  diameter  to  the  ganglion  cell,  ^^  of 
au  inch,  which  possesses  sufiicieut  individuality  to  have  a  life-history  of 
itiowD.  Each  cell  originates  from  a  pre-existing  cell,  grows,  produces 
other  cells,  and  dies,  going  through  the  same,  though  briefer,  cycle  as  the 
whole  organism.  Some  of  the  lower  forms  of  life  seem  to  consist  of  non- 
nucleated  protoplasm,  but  the  above  definition  holds  good  for  all  the 
higher  plants  and  animals,  though  some  few  cells  lose  their  nuclei  in 
the  course  of  development,  e.g.y  the  red  blood-cells  of  all  mammals. 

Properties  of  Protoplasm. 

Protoplasm  is  a  semi-fluid  substance,  which  swells  up  but  does  not 
mix  with  water.  It  is  transparent  and  generally  colorless,  with  refrac- 
tive index  higher  than  that  of  water  but  lower  than  that  of  oil.  It  is 
neutral  or  weakly  alkaline  in  reaction,  but  may  under  special  circum- 
stances be  acid,  as,  for  example,  after  activity.  It  undergoes  stiffening 
or  coaguLition  at  a  temperature  of  about  54.5°  C.  (130°  F.),  and  hence 
no  orgiinism  can  live  when  its  own  temperature  is  raised  above  that 
point;  it  is  also  coagulated  and  therefore  killed  by  alcohol,  by  solutions 
of  many  of  the  metallic  salts,  by  strong  acids  and  alkalies,  and  by  many 
other  gubstanees. 

Under  the  microscope  it  is  seen  almost  nniversally  to  be  granular,  the 
granules  consisting  of  difl'crciitsuhstiinces,  eitlicr  all)uniinous,  or  fatty,  or 
glvcogenous  matters,  or  njoro  rarely  of  inorganic  salts.  The  granules  are 
not  equally  distributed  throughout  the  whole  cell-nuiss,  as  they  are  some- 
times absent  from  the  outer  part  or  layer,  and  very  numerous  in  the 
interior.  The  granules  may  exhibit  an  irregular  shaking,  dancing  move- 
ment, wliich  is  not  vital  and  is  known  as  tlie  Broivnian  movement.  In 
a<ldition  to  granules,  protoplasm  generally  exhibits  spaces  or  vacuoles, 
j^enendly  globular  in  shape,  excepting  during  muvenicnt  when  they  may 
he  irregular,  filled  with  a  watery  lluid.  'J'liesc  vacuoles  arc  more  numer- 
ous and  pronounced  in  vegetable  than  in  animal  cells.  (Jas  bubbles  also 
eometimes  exist  in  cells. 

It  is  impossible  to  make  any  definite  statement  as  to  the  exjict  chem- 
ical composition  of  living  protoplasm,  sinc^e  the  methods  of  cliemiciiil 
analysis  necessarily  imply  the  death  of  the  cell;  it  is,  however,  stilted 
that  protoplasm  contains  75  to  85  per  cent  of  Avater,  and  of  the  15  to  25 
per  cent  of  solids,  the  most  important  part  belongs  to  the  classes  of  i^uh- 
atsaices  ca]\ed  proleids  or  albuinms.  Proteids  contain  the  chemical  ele- 
rooDis  carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  and  phosphorus,  the 


4  HANDBOOK  OF   PHYSIOLOGY. 

last  two  In  small  quantities  only.  A  proteid-like  substance,  nuclein^ 
found  in  the  nuclei  of  cells,  contains  phosphorus  in  greater  abundance. 
In  cell  protoplasm  a  compound  of  nnclein  with  proteid,  called  nucleo- 
proteid,  forms  the  most  abundant  proteid  substance.  Other  bodies  are 
frequently  found  associated  with  the  proteids,  such  2i^  glycogen^  starchy 
cellulose^  which  contain  the  elements  carbon,  hydrogen,  and  oxygen,  the 
last  two  in  the  proportion  to  form  water,  and  hence  are  termed  carbo- 
hydrates; fatty  bodies,  containing  carbon,  hydrogen,  and  oxygen,  but 
not  in  proi)ortion  to  form  water;  lenthin^  a  complicated  fatty  iKidy  con- 
taining phosphorus;  cholesterui^  a  nionatomic  alcohol;  chlorophyll^  the 
coloring  matter  of  plants;  ifion/anic  salts^  particularly  the  chlorides  and 
phosphates  of  calcium,  sodium,  and  potassium;  ferments,  and  other  sub- 
stances. 

The  vital  or  physiolog^ical  characteristics  of  protoplasm  may  be 
well  studied  in  the  microscopic  animal  called  the  amoeba,  a  unicellular 
organism  found  chiefly  in  fresh  water^  but  also  in  the  sea  and  in  damp 
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earth.  These  properties  may  be  conveniently  studied  under  the  follow- 
ing heads : — 

1.  The  Fofver  of  Spontaneous  Movement. — When  an  amoBba  is  ob- 
served with  a  high  power  of  the  microscope,  it  is  found  to  consist  of  an 
irregular  mass  of  protoplasm  probably  containing  one  or  more  nuclei, 
the  protoplasm  itself  being  more  or  less  granular  and  vacuolated.  If 
watche<i  for  a  minute  or  two,  an  irregular  projection  is  seen  to  be  grad- 
ually thrust  out  from  the  main  body  and  retracted;  a  second  mass  is 
then  protruded  in  another  direction,  and  gradually  the  whole  proto- 
plasmic substance  is,  as  it  were,  drawn  into  it.  The  amoBba  thus  comes 
to  occupy  a  new  position,  and  when  this  is  repeated  several  times  we 
have  locomotion  in  a  definite  direction,  together  with  a  continual  change 
of  form.  These  movements,  when  observed  in  other  cells,  such  as  the 
colorless  blood-corpuscles  of  higher  animals  (fig.  3),  in  the  branched 
cornea  cells  of  the  frog  and  elsewhere,  are  hence  termed  avimboid. 

The  remarkable  movement  of  pigment  granules  observed  in  the 
branched  pigment  cells  of  the  frog's  skin  by  Lister  are  also  probably 
due  to  amoeboid  movement.  These  granules  are  seen  at  one  time  distrib- 
uted uniformly  through  the  body  and  branched  processes  of  the  cell, 
while  at  another  time  they  collect  in  the  central  mass  leaving  the 
branches  quite  colorless. 
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This  movement  within  the  pigment  cells  might  also  be  considered 
an  example  of  the  so-culled  shramift*/  movement  not  infrequently  seen 
m  ciirtjun  of  the  protozoaa,  in  which  the  mass  of  protoplasm  extends 
Jong  and  fine  processes,  themselves  very  littlo  movuhle,  hut  upon  the 
flnrfiice  of  which  freely  moving  or  streaming  granules  ure  seen.  A  i/Ud- 
inymoTement  has  also  heen  noticed  in  certain  animal  cells;  the  motile 
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part  of  the  cell  being  composed  of  protopUism  bounding  a  central  and 
more  eompacfc  mass.  By  means  of  the  free  movement  of  this  layer, 
tiie  cell  muy  he  observed  to  move  along. 

In  vegetable  cells  the  protoplasmic  movement  can  be  well  seen  in 
the  hairs  of  the  stinging-nettle  and  Trafleseantia  rmd  the  cells  of  Vallis- 
neriaand  Chara;  it  is  marked  by  the  movement  uf  the  gninnles  nearly 
alvrayg  imbedded  in  it  For  example,  if  part  of  a  hair  of  Tradescantia 
(llg.  5)  be  viewed  under  a  high  magnifying  power,  streams  of  proto- 
plasm containing  crowds  of  grannies  liurrying  along»  like  the  foot- 
lOgers  in  a  busy  street,  are  seen  tlnwing  steadily  in  definite  direc- 
tions, some  coursing  round  the  lilm  whiefj  lines  tlie  interior  of  the  cell- 
wall,  *ind  others  flowing  toward  or  away  from  the  irregular  mass  in  the 
centre  of  the  cell-cavity.     Many  of  these  streams  of  protoplasm  run 


S'— Oflof  Tni4l€!flcaoliji  dmwn  at  RuciNwsfTa  interrals  of  two  mlniit«i.-~The  f^ll-eontfi  Am 
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m  vftoootated  roaaB  of  protopjoam,  whldi  la  coo  tiouaUy  cbaagioif  ita  iifiape.    cScbntielct ) 


together  into  larger  ones  and  are  lost  in  the  central  mass,  and  thui 
ceaaeleea  variations  of  form  arc  produced,  1'he  movement  of  the  pro- 
toplA$mic  granules  to  or  from  the  periphery  is  sometimes  called  vegeta- 
ble circnhilion^  whereiis  the  movement  of  the  protoplasm  round  the  in- 
—  kmr  of  the  cell  is  called  rotation, 

H     The  first  account  of  the  movement  of  protoplasm  was  given  by 
^Bteel  in  1755,  as  occurring  in  a  small  Proteus,  probably  a  large  fresh- 
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Corti's  demonstration  of  the  rotation  of  the  cell  sap  in  charaoen,  and  in 
the  earlier  part  of  the  century  by  Meyer  in  Vallisneria^  1827;  Bobert 
Brown,  1831,  in  "  Staminal  Hairs  of  Tradescantia."  Then  came  Dnjar- 
din's  description  of  the  granular  streaming  in  the  pseudopodia  of  Rhiso- 
pods  and  moTement  in  other  cells  of  animal  protoplasm  (Planarian  eggs, 
T.  Siebold,  1841;  colorless  blood-corpuscles,  Wharton  Jones,  1846). 

2.  The  Power  of  Response  to  Siiinuli,  or  Irritability. — Although  the 
movements  of  the  amoDba  have  been  described  above  as  spontaneous,  yel 
they  may  bo  increased  under  the  action  of  external  agencies  which 
excite  them  and  arc  therefore  called  stimuli,  and  if  the  movement  hai 
ceased  for  the  time,  as  is  the  case  if  the  temperature  is  lowered  beyond 
a  certain  point,  movement  may  be  set  up  by  raising  the  temperature. 
Again,  contact  with  foreign  bodies,  gentle  pressure,  certain  salts,  and 
electricity,  produce  or  increase  the  movement  in  the  amoeba.  The  pro- 
toplasm is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irri- 
tability by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  further  detailed:— 

a.  Changes  of  Temperature, — Moderate  heat  acts  as  a  stimulant;  th€ 
movement  stops  below  0°  C.  (32°  F.),  and  above  40°  C.  (104°  F.);  be- 
tween these  two  points  the  movements  increase  in  activity;  the  optimum 
temperature  is  about  37°  to  38''  C.  Exposure  to  a  temperature  even 
below  0°  C.  stops  the  movement  of  protoplasm,  but  does  not  prevent  itfi 
reappearance  if  the  tempeniture  is  raised;  on  the  other  hand,  prolonged 
exposure  to  a  tempemture  of  over  40°  C.  altogether  kills  the  protoplasm 
and  causes  it  to  enter  into  a  condition  of  coagulation  or  heat  rigor, 

b.  Mechanical  Stimuli. — When  gently  squeezed  between  a  cover  and 
object-glass  under  proper  conditions,  a  colorless  blood -corpuscle  is  stim- 
ulated to  active  ama3boid  movement. 

c.  Nerve  Influence. — By  stimulation  of  the  nerves  of  the  frog's  cornea^ 
contniction  of  certain  of  its  branched  cells  has  been  produced. 

d.  Chemical  Stimuli* — Water  generally  stops  amoeboid  movement^ 
and  by  imbibition  causes  great  swelling  and  finally  bursting  of  the  cells, 
In  some  cases,  however  (myxomycotes),  protoplasm  can  be  almost  en- 
tirely dried  up,  but  remains  capable  of  renewing  its  movements  when 
again  moistened.  Dilute  salt-solution  and  many  dilute  acids  and  alka- 
lies stimulate  the  movements  temporarily.  Strong  acids  or  alkalies 
permanently  stop  the  movements;  ether,  chloroform,  veratria,  and  qui- 
nine also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid  and  resumed  on  the  admission  of  air  or  oxygen,  but  complete  with- 
drawal of  oxygen  will  after  a  time  kill  the  protoplasm. 

e.  Electrical, — Weak  currents  stimulate  the  movement,  while  strong 
currents  cause  the  cells  to  assume  a  spherical  form  and  to  become 
motionless. 
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3,  Tlte  P(nver  of  Btffesfion,  Re^^iraHoT},  and  Xittriiion. — This  con- 
Biets  ill  the  power  which  is  j>ORsesaetl  by  the  umtFlju  and  simihir  animal 
oethof  takitig  in  food,  modifying  it,  building  up  tissue  by  ussimilating 
it, Slid  rejecting  what  is  not  ussimilated.     These  Yiinous  processes  iire 
effected  by  the  protophisin  simply  llowing  round  uiid  iucloaing  within 
itaelf  minute  organisms  such  as  diatoms  and  the  like,  from  wliieh  it 
eitmctfi  what  it  requires,  and  then  rejects  or  exvreiej^  the  remaimler, 
which  has  never  formed  part  of  the  body.     This  latter  proceeding  is 
doufi  by  the  ceil  withdrawing  itself  from  the  material  to  be  exercted. 
The  assimilation  constantly  taking  place  in  the  body  of  the  amoeba,  ia 
for  the  purpose  of  replacing  waste  of  its  tissue  conserjuent  upon  niani- 
featation  of  energy.    The  respiratory  process 
of  absorbing  oxygen  goes  on  tit  the  same  time. 
The  processes  which  take  placi3  in  l'cIIs, 
both  animal  and  vegetable,  are  summed  up 
ander  the  term  wetaMism  (from  iitra^Soh^, 
change).    The  changes  which  go  on  are  of 
two  kinds,  viz,,  assimihti&fi,  or  building  up, 
and  dimssim ilaf  io  w ,  or  br ea  king  d  o  ^\'  n ;  t  h  L*y 
may  be  also  called  composition  or  decom- 
position, or,  using  the  nomenclature  of  Gas- 
kell,  antfboJism  or  constructive  metaljolisin, 
and  kaiabolhm  or  destructive  metabolism. 
In  the  direction  of  anabolism  two  processes 
occur,  m,,  the  bnildiug  up  of  materials  which 
it  takes  inj  and  secondly,  the  building  up  of 
its  own  substance  by  those  or  other  mate- 
riak    As  we  shall  see  in  a  subsequent  para- 
graph, the  process   of  anabolisui  differs  to 
lome  extent  in  vegetable  and  animal  cells. 
The  katabolism  of  the  cell  consists  in  chem- 
ioU  cbinges  which  occur  in  the  coU-snbatance  itself,  or  in  substances 
in  contact  with  it. 

The  destructive  metabolism  of  a  cell  is  increased  by  its  activity,  but 

on  also  during  quiescence.     It  is  probably  of  the  nature  of  oxida- 

and  results  in  the  evolution  of  carbonic  anhyilride  and  water  on 

he  one  hand,  and  in  the  formation  of  various  substances  on  the  other, 

of  which  nlay  be  stored  up  in  the  cell  for  future  use,  and  arc 

se^rrfitions,  and  others,  like   the  carbonic  anhydride  and  certain 

bodies  containing  nitrogen,  are  eliminated  as  excrdions, 

4.  The  Power  of  Grotrflt. ^In  protoplasm  then,  it  is  seen  that  the 
two  pTocesscs  of  waste  and  repair  go  on  side  by  side,  and  as  long  as  they 
are  erjaal  the  size  of  the  animal  remains  stationary.  If,  however,  the 
building  up  exceed  the  waste,  then  tbo  animal  //row-v ;  if  the  waste  ex- 
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oeed  the  repair,  the  animal  decays;  and  if  decay  go  on  beyond  a  certahi 
point,  life  becomes  impossible,  and  the  animal  dies. 

Growth,  or  the  inherent  power  of  increasing  in  size,  although  essen- 
tial to  oar  idea  of  life,  is  not,  it  must  be  recollected,  confined  to  liring 
beings.  A  crystal  of  common  salt,  for  example,  if  placed  under  appro- 
priate conditions  for  obtaining  fresh  material,  will  grow  in  a  fashion  as 
definitely  characteristic  and  as  easily  to  be  foretold  as  that  of  a  liTing 
creature;  but  the  growth  of  a  crystal  takes  place  merely  by  additions 
to  its  outside;  the  new  matter  is  laid  on  particle  by  particle,  and  layer 
by  layer,  and,  when  once  laid  on,  it  remains  unchanged.  In  a  liring 
structure,  where  growth  occurs,  it  is  by  addition  of  new  matter,  not  to 
the  surface  only,  but  throughout  every  part  of  the  mass. 

Again,  all  living  structures  are  subject  to  constant  decay.  Thus,  a 
man^s  body  is  not  composed  of  exactly  the  same  particles  day  after  day, 
althoagh  to  all  intents  he  remains  the  same  individual.  Almost  every 
part  is  changed  by  degrees;  but  the  change  is  so  gradual,  and  the  re- 
newal of  that  which  is  lost  so  exact,  that  no  difference  may  be  noticed, 
except  at  long  intervals  of  time.  A  lifeless  structure,  as  a  crystal,  is 
subject  to  no  such  laws;  neither  decay  nor  repair  is  a  necessary  condi- 
tion of  its  existence.  That  which  is  true  of  strictures  which  never  had 
to  do  with  life  is  true  also  with  respect  to  those  which,  although  they 
are  formed  by  living  parts,  are  not  themselves  alive.  Thus,  an  oyster- 
shell  is  formed  by  the  living  animal  which  it  incloses,  but  it  is  as  lifeless 
as  any  other  mass  of  inorganic  matter;  and  in  accordance  with  this 
circumstance  its  growth  takes  place  layer  by  layer,  and  it  is  not  subject 
to  constant  decay  and  reconstruction.  The  hair  and  nails  are  examples 
of  the  same  fact. 

In  connection,  too,  with  the  growth  of  lifeless  masses  there  is  no 
alteration  in  the  chemical  composition  of  the  material  which  is  taken 
up  and  added  to  the  previously  existing  mass.  For  example,  when  a 
crystal  of  common  salt  grows  on  being  placed  in  a  fluid  which  contains 
the  same  material,  the  properties  of  the  salt  are  not  changed  by  being 
taken  out  of  the  liquid  by  the  crystal  and  added  to  its  surface  in  a  solid 
form.  But  the  case  is  essentially  different  in  living  beings,  both  animal 
and  vegetable,  as  the  materials  which  serve  ultimately  to  build  them 
up  are  much  altered  before  they  are  finally  assimilated  by  the  structures 
they  are  destined  to  nourish. 

The  growth  of  all  living  things  has  a  definite  limit,  and  the  law 
which  governs  this  limitation  of  increase  in  size  is  so  invariable  that  we 
should  be  as  much  astonished  to  find  an  individual  plant  or  animal 
without  limit  as  to  growth  as  without  limit  to  life. 

5.  The  Power  of  Reprodnction. — The  amoeba,  to  return  to  our  former 
illustration,  when  the  growth  of  its  protoplasm  has  reached  a  certain 
point,  manifests  the  power  of  reproduction,  by  splitting  up  into  (or  ip 


aome  other  way  producing)  two  or  more  parts,  each  of  which  is  capable 
of  independent  existence.  The  new  amceba?  mimifest  the  same  proper- 
ties as  their  parent,  perform  the  same  f mictions,  grow  and  reproduce  in 
their  turn.     This  cycle  of  life  is  being  euntinuully  passed  throngb. 

In  more  complicated  striieturo.s  than  the  umt^ba,  the  life  of  indi-  * 
riduiil  protoplasmic  cells  is  probably  very  ehort  in  comparison  with  that 
of  the  organism  they  compose;   and  their  constant  decay  and  death 
cecesfiitiite  constant  reproduction. 

The  mode  in  which  this  takes  place  has  long  been  the  subject  of 
great  euntroversy. 

It  18  now  very  generally  believed  that  every  cell  is  descended  from 
some  pre-existing  (mother-)  cell.     This  derivation  of  cells  from  cells 


Vfff.  ?.— DiB^tnun  of  fto  oviini  (a)  undtfrj^oin^  nef^nieiitAtlrxii— Ili  (fj)  It  han  dlvlcied  Into  two,  In 
(e)  lolo  four;  aoA  iu  id)  the  pnM»s»  huB  eudecl  In  the  production  of  the  ho  calkvl  "'  mullM*rr]r  tuaae.** 

les  place  by  (1)  gemmafwn,  which  cBsentially  consists  in  the  budding 
fand  separation  of  a  portion  of  the  parent  cell;  or  (2)  Jission  or  diru 
rioTL 

■  The  exact  manner  of  the  division  of  cells  is  a  matter  of  some  diffi- 

■  culty»and  will  not  be  described  nntil  the  subject  of  the  structure  of 
I  protopkamic  cells  has  been  considered. 

P' 


Structtire  of  Protoplasmic  Cells. 


Protoplasm  was  formerly  thought  to  be  lioniogeneous:  though  this 
may  be  true  in  some  cases,  it  is  now  generally  found  to  consist  of  two 
luhstatices,  spongioplasm  and  hyaloplasm.  The  ispongioplasm  or  relicn- 
ium  forms  a  fine  network,  increases  in  relative  amount  as  the  cell  grows 
1  older,  and  baa  an  atlinity  for  staining  reagents.  The  Infalojdasm  is  less 
refractile,  elastic,  or  extensile^  and  has  no  affinity  for  stains;  it  pre- 
j dominates  in  voting  cells,  is  thought,  to  be  fhiid,  and  fills  the  interspaces 
of  the  reticulum.  The  nodal  points  of  the  reticulum,  with  the  granules 
(mwr&»Qme^)  found  iu  tlio  protoplasm,  cause  the  granular  appearance. 
BUticbii  has  recently  asserted  that  protoplasm  is  an  emulsion  mad©  up 
of  numerous  microscopic  vacuoles  whoso  walls  are  in  dose  apposition  and 
are  seen  under  the  microscope  in  optical  section  only,  thus  causing  tho 
ctictilar  appearance.     This  idea  is  accepted  by  few. 

The  arrangement  of  the  rotiouliim  varies  considerably  in  difierent 

ells,  and  even  in  different  parts  of  the  same  cell     Sometimes,  for  ex* 

nple  {fig.  8),  the  mesbworH  baa  an  elongated  radial  arrangement  from 
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the  fioclens;  at  ofcliers,  the  mesh  work  is  more  evenly  dispceed^  m  in 
fig.  9.  At  thd  junctions  of  the  fibrila  theru  are  usually  slight  enkrge- 
meut!5  or  nodt«s. 

In  some  m\U^  piirticularly  in  phtnta^  but  also  in  some  finifyml  eelto, 
there  is  a  teudeucy  toward  a  foriniition  of  a  firmer  exterDal  envebpe. 


M embmoe  of  ceU  . 


Beticutum  or  oetl  — J 


^lf«mbnui«  of  nudeiiB. 


AohrnmAtk*  substuacie  of 
^CliromatJc  wibBtaooe  of 


M 


!%*•  ft— OaII  Willi  its  rntkTiilulu  dis|M>^kxl  n^ilially ;  from  thmi 


1  of  a  1 


conRtituting  in  vegetable  cells  a  membrane  distinct  from  the  more 
central  and  more  fluid  part  of  tlie  protoplasm.  In  such  casea  thoretini- 
liim  at  the  periphery  of  the  cell  is  made  up  of  very  fuie  niesboi^.  The 
membrane  when  formed  ia  Ui^ually  pierced  with  pores  by  which  Ihiiilmay 
pasa  in,  or  through  which  protrusion  t»f  thoprotophismic  filumeuU form- 
ing the  ccU'b  connection  with  other  oella  anrroundiug  it  may  tiike  place. 
It  ia  an  exceedingly  iiitereating  question  whether  in  cells  the  one 


Fie.  &.~(A  j  Tl>»^  <:.vilnrl««  lilixxlrorpuncle  sbowltip  thi?  intra<'elhilAr  iM^twork.  mhI  hro  Bucslel 
wiUi  tntra  iiiurlwtr  isetipvurlt,  (n,)  Cnloi-tHl  bliiKKl-ciorfHiBfli?  of  newt  sliowiti^  tiio  iuira-oellular  ttet- 
work  of  abrllfl.  Al»*t  uval  imeli^uji  composed  of  limmng:  luembreiio  aud  Hue  intrflkaudear  netwcurk 
of  llbrLls.     X  mi    { KJi'la  and  Nohte  Smith.) 

part  of  the  protoplasm  can  exist  vrithout  the  other.  Schiifer  sum  mar- 
ines the  matter  thus: — "There  are  cells,  and  unicellular  organisms  both 
animal  and  vegetable^  in  which  no  reticular  structure  can  be  made  out, 
and  these  map  be  formed  of  hyaloplasm  alone.  In  that  case,  this  must 
be  looked  upon  as  the  essential  part  of  protoplasm.  So  far  as  amoeboid 
phenomena  are  concerned  it  is  certainly  so;  but  whether  the  ehemical 
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clMUig^  which  occur  in  many  cellB  ure  efTecteti  by  tbis  or  by  spongio- 
pltfoi  IB  another  matter/* 

Aoother  question  about  wbieh  there  is  some  ilifference  of  opinion  is, 
which  jrtirt  of  the  protoplasm  is  ehielly  coniriictile.  It  is  usually  con- 
clodeii  that  thia  property  reata  iu  tht^  iuc«hwork,  but  tliere  seems  a 
coMiderable  amount  of  evidence  in  favor  of  the  view  that  piirt  if  not 
ill  of  the  contractility  resides  in  the  hyalophwm;  for  example,  in  amm- 
baid  cells  the  pseudopodial  protoplasm  are  certainly  made  of  this  and 
twtof  tpongioplasm,  and  when  the  corpnsele  is  HtimulatL'il  the  liyalo- 
plaim  flows  back  into  the  reticular  network.  If  tlie  view  that  the  hyalo- 
plasm is  chiefly  contractile  be  a  correct  one,  the  spocial  condition  of  an 
Jimceboid  cell  must  bo  considered  to  bt^  condition  of  contraction,  and 
the  flowing  out  of  the  proeegs  to  bo  relaxation. 


The  Cell  Nucleus. 

All   cells    at  some   period   of   tlieir   existence  possess  nucUi.      As 
been  incidentally  suggested  the  origin  of  a  nucleus  in  a  cell  is  the 
first  trace  of  the  differentiation  of  protoplasm.     The  existence  of  nuclei 
waa  first  pointed  out  in  the  year  183:?  by  Robert  Hrown,  who  observeil 

■  them  in  vegetable  cells.  They  are  *^ithcr  suutll  tninsparent  vesicular 
B  Mies  oontjiining  one  or  more  smaller  particles  (nucleoli),  or  they  are 
Hienii-«olid  masses  of  protoplasm  always  in  the  resting  coiulition  bounded 

■  by  a  well-defined  envelope.  In  their  relation  to  the  life  of  the  cell  tliey 
are  certainly  hardly  second  in  importance  to  the  protoplasm  itself,  and 
tkas  Beale  is  fully  jnstitied  in  comprising  both  under  the  term  **  ger- 
minal matter/*  They  control  the  nutrition  of  the  cell,  and  probably 
iuitiato  the  process  of  subdivision*  If  a  cell  lie  mechanically  diTided, 
thut  portion  not  containing  the  nucleus  dies. 

I  Ilistologists  have  long  recognized   nuclei  by  two  important  char- 

hicters: — 

n        (1.)  Their  power  of  resisting  the  action  of  various  acids  and  alkalies, 

particularly  acetic  acid,  by  which  their  outline  is  more  clearly  define*!, 

and  they  are  rendered  more  easily  visible.     This  indicates  some  chcmi- 

^  cal  difference  between  the  protoplasm  of  the  cells  and  nuclei,  as  the 

Klorinor  is  destroyed  by  these  reagents. 

H  (2.)  Their  quality  of  staining  in  solutions  of  carmine,  ba^matoxylin, 
Bite.  Nuclei  are  most  commonly  oval  or  round,  anrl  do  not  generally 
■conform  to  the  diverse  shapes  of  the  cells;  they  are  altogether  less  vari- 
Bible  dements  tljan  cells,  even  in  regard  to  size,  of  which  fact  one  may 
fffeeagood  example  in  the  uniformity  of  the  nuclei  in  cells  so  multiform 
M  tbcme  of  epithelium.  But  sometimeB  nuclei  occupy  almost  the  whole 
of  the  cell,  as  in  the  lymph  corpuscles  of  lymphatic  glands,  and  in  aomo 
small  nerve  cells,  and  may  even  project  above  tlie  surface. 
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Their  position  in  the  cell  is  very  variable.     In  many  cells,  especially 
where  active  growth  is  progressing,  two  or  more  nuclei  are  present. 


Structure  of  Nuclei. 

The  nucleus  when  in  a  condition  of  rest  is  bounded  by  a  distinct 
membrane,  the  nuclear  membrane,  possibly  derived  from  the  spongio- 
plasm  of  the  cell,  which  encloses  the  nuclear  contents  or  Iraryoplasm. 
The  membrane  consists  of  an  inner,  or  chromatic,  and  an  of  outer,  or 


Node  of  meehwoi^ 


Node  of  nic«bwoi-k 


Fig.  10.— The  roBtlDR  nucleus— diagrammAtic    (Waldeyer.) 


achromatic  layer,  so  called  from  their  reaction  to  stains.  The  karyo- 
plasm  is  made  up  of  a  reticular  network,  or  chromoplasm^  whose  in- 
terspaces are  filled  by  the  karyolymph,  or  nuclear  matrix^  a  homogeneous 
substance  which  is  rich  in  proteids,  has  but  slight  affinity  for  stains, 
and  is  supposed  to  be  fluid. 

The  network  is  composed  of  linin^  or   achromatin,  a  transparent 
unstainable  framework ;  and  of  chromatin^  which  stains  deeply,  is  sup- 


^V-H- 


FIff.  11.— Diafcram  of  nucleun  ahowinfi:  the arrani^ment  of  chief  chromatic  fllaments.  ▲.  Viewed 
from  toe  Bide,  the  polar  end  belne  upperaioMt.  p.c.f.^  Primary  chromatic  fllamenta;  n.,  nudeolus; 
n,o.m,^  node  of  meshwork.  b.  Vieweu  at  the  polar  end.  l.cj..  Looped  chromatic  filament;  ij.^  ir- 
regular filament.    (Rabl.) 


ported  by  the  linin,  and  occurs  sometimes  in  the  form  of  granules,  but 
usually  as  irregular  anastomosing  threads,  both  thicker  primary  fibres 
and  thinner  connecting  branches.  The  threads  often  form  thickened 
nodes,  karyosomes  or  false  nucleoli,  at  their  points  of  intersection.     It 
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is  DOW  quite  generally  believed  that  the  chromatin  occurs  as  short,  rod- 
like and  highly  refractive  masses,  which  are  embedded  in  the  linin  in  a 
regular  series. 

The  nucleoliy  or  plasmosomes,  are  spherical  bodies  of  unknown  func- 
tion. They  stain  deeply,  and  may  either  lie  free  in  the  nuclear  matrix 
or  be  attached  to  the  threads  of  the  network. 


Attraction  Sphere. 

In  addition  to  the  nucleus,  a  minute  spherical  body  called  the  centra- 
#ome  is  believed  to  be  constantly  present  in  animal  cells,  though  some- 
times too  small  to  be  demonstrated.  The  ceutrosome  is  smaller  than 
the  nucleus,  close  to  which  it  lies,  and  exerts  a  peculiar  attraction  for 


Fig.  lU.  -Leucocyte  of  Ralamander  Jjarva,  showiDf:;  attraction  sphere.    (After  Flemniing.) 

the  protoj)lasmic  filaments  and  granules  in  its  vicinity,  so  that  it  is  sur- 
rournled  by  a  zone  of  fine  radiating  fibrils,  lorming  the  at  traction  sphrre 
or  arohoplasm.  Some  authorities  assert  that  the  centrosonie  lies  within 
tln!  miclens  in  the  resting  state,  and  only  passes  into  the  rell  proj)or  in 
the  earlier  stages  of  cell  division.  Tlio  attraction  sphere  is  most  dis- 
tinrtly  seen  in  cells  about  to  divide.  It  plays  an  ini})ortant  rule  in 
nuclear  division,  but  it  is  doubted  if  it  gives  the  initial  impulse  to  the 
process. 

Cell  Division. 

The  division  of  a  c^ll  is  preceded  by  division  of  its  nucleus,  wliioh 
may  be  either  direct  or  indirect.  Direct  or  simple  division,  amitosis  or 
akinesis  (xjW^^f^,  movement),  occurs  witliont  any  cliange  in  the  arrango- 
ment  of  the  intranuclear  network;  it  is  probably  limited  to  the  anurba^ 
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A  coDstriction  develops  at  the  centre  of  tbe  nucleus,  possibly  preceded 
by  division  of  tbe  nucleoli,  and  gradually  divides  it  into  two  eqaul 
daiigliter  nuclei.  A  similar  constriction  of  the  protoplasm  of  tbe  cell 
oocurs  between  the  daughter  nuclei  and  divides  it  in  two  parts. 


FIr.  12. -AkineHiH,  aniitoRis,  or  dire<*t  «M*n  division.  A,  f'-onslrli'tion  of  nucleufl:  B,  diTtotOD 
of  nucleus  and  conHtrictioii  of  <;ell  ImmIy;  t\  dauK^ter  nuclei  still  i*oiinect4Hl  by  a  thread,  divlaioa 
belnf^  delayed:  />,  division  of  c«*U  IxMiy  nearly  cuniplule.     (After  Arnold.) 

Indirtu/t  division,  mitosis  (/Jt'irovs  a  thread),  or  karyokinesis  {xdpooy^ 
a  kernel),  is  the  almost  universal  method,  and  consists  of  a  series  of 


Fif?.  12a.-  KaryokinoKiR,  initoBis,  or  indirect  cell  division  (diaf?rammatic).  ^.  CVII  with  Vfnt- 
in^  nucleus;  B^  wreath,  dauKhter  centrosoines  apd  e^rly  stni^e of  achromatic  spindle;  C\  chronio- 
somes;  />,  monaster  staf^,  ochroinnlio  spindle  in  lon>^  axis  of  nucleus,  chromosomes  dividinf^; 
J?,  chromosomes  moving  toward  c*ent  rosomes ;  F,  diaster  sUi^,  chromosomes  at  p<des  of  micleus, 
commencing  constriction  of  cell  iKnly;  (/,  daughter  nuclt^i  Uiginnin^  return  to  resting  state:  ih 
daughter  nuclei  showing  monaiiter  and  wreath;  /,  uumplete  division  of  cell  bodF  into  daughter 
cells  whose  nuclei  have  returned  to  the  resting  state.     (After  Bohm  and  von  Davidoff.) 


changes  in  the  arrangement  of  the  intranuclear  network,  resulting  in 
the  exact  division  of  the  chromatic  fibres  into  two  parts,  which  form  the 
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ckomop)a«in  of  the  daugliter  nuclei.  The  changes  follow  a  clrtsuly 
amilar  course  in  both  plant  and  aniniHl  r^]h.  'IMm  proeese  hsis  been 
divifkd  by  different  authorities  into  a  varying  number  of  stages,  with 
varjing  u^UDee,  but  for  the  sake  of  simplicity  it  MjeiuB  best  to  accept  the 


eopiral . 


Ftie.  11— EttHy  Btages  of  karvoklneifii-s.    a.  The  thicker  pH man' fibre*  remftln  and  tb«aoliitK 
lOiipiadle  mieaRt.    n,  Tbe  thick  libn±ti  split  into  two  and  tins  oetiromvtlo  spiDdie  become*  ]oogi> 


authority  of  Verworn  and  recognize  two  Btages  omJy^ — a  progressive  one  in 
which  the  changes  in  tlie  nuoleus  advance  to  a  max i mum,  aud  a  retro- 
greaaive  one  in  which  the  resuUing  nnr-h^ar  halves  I'tivert  to  the  resting 

Progree&iv©  stage.     Tbe  reatiiig  nucleus  beconies  somewhat  enlarged, 
and  the  centroaome  (according  to  those  who  regard  it  as  lying  normally 


«C 


€wntm£  • 


Fi£.  N.-MobA8ter  fttaj^a  of  karyokluc^ttiit.    (HaliK  > 


rithin  the  nnelcna)  migrates  into  the  cell  protoplasm.     The  centrosome 

llheii  divides  into  two  daughter  centrosomcs  whicli  lie  near  tlie  nucleus 

it  are  separated  by  a  considerable  interval     Each  in  Burnmnded  by  tlie 

uliatiug  fibrils  of  the  attraction  Bplicro,  and  some  of  these  fibrils  pass 

anttnuonsly  from  one  centrosome  to  the  other,  fnrmlng  the  avhramatic 

tdle.     At  the  same  time  (prophases)  the  intranuclear  network  be- 

omes  converted  into  a  fine  convoluted  f^oil  {spirmn  or  sktnn)  wbieh  may 

be  either  coDtiDuous  or  else  broken  up  into  several  threads.     The  thread 
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or  threads  then  shorten  and  become  thicker,  while  the  convolations, 
which  hare  become  less  numeroas,  arrange  themselves  in  a  series  of  con- 
necting loops,  forming  the  wreath.  The  nuclear  membrane  and  the 
nacleolus  disappear,  the  latter  passing  at  times  into  the  cell  protoplasm 
and  disintegrating.     The  wreath  then  breaks  ap  into  V-shaped  s^ments, 


Fio.  15.  -StMcres  of  karyokinesls.  (Babl.)  A.  ComnieucinR  seiMLratioD  of  the  split  ctaromosomei. 
B.  The  oeparatluD  f urt^tsr  ttdvanctxl.  C  The  tic)iarated  chruiucNH»iui*8  pHtwlDfr  along  the  fibres  oi  tbe 
achrumatle  spindle. 


the  chrofnoswnes^  of  which  each  species  of  animal  has  a  constant  and 
characteristic  number.  This  varies  from  two  to  thirty-six  in  the  differ- 
ent animals,  but  is  sixteen  in  man. 

The  two  centrosomes  migrate  to  the  poles  of  the  nucleus,  while  the 
achromatic  spindle  which  connects  them  occupies  the  long  axis  of  the 


Remains  of  spindle. 


Line  of  separation  ^|BS^ds2^H^N^    Lighter  substance 
of  the  two  cells.    •^»*3fBB^^9^^k     _^    of  tlie  nucleus. 

Antipole  of  dau^^h- 
ternudeua. 


Yig.  10.— Ftnal  staKea  of  karyokineslM.    In  the  lower  flj^iire  the  changes  are  still  more  adTanced  tliaa 

iu  the  upper.     (Waldeyor.) 


nucleus.  The  chromosomes,  1)ecomiug  much  shorter  and  thicker,  gatlier 
around  the  spindle  in  its  efjuatorial  plane,  with  their  angles  directed 
toward  the  centre,  forming  the  ttslcr  or  fnnnasier. 

The  actual  division  of  the  nucleus  is  begun  at  this  time  (meiaphases) 
by  the  splitting  of  each  chromosome  longitudinally  into  halves  which  lie 
at  first  close  together  so  that  each  seems  doubled.  Soon  afterward  the 
fibrils  of  the  achromatic  spindle  begin  to  contract,  and  thus  separate  the 
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liAlreaof  the  elironiosoines  in  such  a  wny  tliat  one-balf  of  mdh  k  tiirDed 
toward  one  polu,  ami  the  other  halt  toward  the  other.  As  this  con- 
tiauWj  the  two  groups,  which  are  equal  in  size,  draw  away  from  each 
otbur  and  from  the  equator,  each  group  beiDg  formed  of  daughter 
ckomoBomes. 

Hetrogreaaite  stage  (amipkase^  and    ielophaacs).     The  two  groupa 

(djiaghter  chromosomes)  now  gradually  approach  their  respective  polea, 

or  centrosomea^  and  tJie  ecjuufcor  hecontoa  free-     On  reaching  the  pole, 

each  group  gathers  iii  a  form  which  is  eimilai*  in  arrangement  to  the 

JDouastcr  and  is  known  as  the  dtasier.     During  this  time  the  cell  body 

♦  lHft:oBies  glightly  constricted  by  a  circular  groove  at  its  ecjimtorial  plane. 

Soou  afterward  the  fibrils  of  the  achromatic  spindle  which  cooDect  the 

two  groups  begin  to  grow  dim  and  iinally  disappear.     The  daugliter 

chromoBomes  assume  the  form  of  tliruads  twisted  in  a  coil  and  develop 

ttch  a  nuclear  membrane  and  a  nucleolus,  forming  a  daughter  nucleus. 

The  nuclei  enlarge  and  the  nuclear  threads  assuiiio  the  appearance  of  the 

retitiug  state  of  the  nucleus.     Meanwhile,   the  t -on  strict  ion  about  the 

body  of  the  cell  has  become  deeper  and  deeper  until  the  protoplasm  is 

divided  into  two  equal  parts,  or  daughter  cell»3,  each  with  its  daughter 

QQcleus,  aud  the  process  of  karyokiuesis  is  completed. 


Differences  between  Animals  and  Plants. 

Haring  considered  at  some  length  the  vital  properties  of  protoplasm, 
asskown  in  cells  of  vegetable  as  well  as  of  animal  organisms^  we  are  now 
in  a  position  to  discuss  the  question  of  tiie  dijervnces  beiween  pfaniA  and 
amauth.  It  might  at  the  outset  of  our  inquiry  have  seemed  an  unneo- 
ttaaiy  thing  to  recount  the  distinctions  which  exist  between  aji  animal 
srid  a  vegetable  as  they  are  in  many  cases  so  obvious,  but»  how^ever  great 
the  differences  may  be  between  the  higher  animals  'ind  plants,  in  the 
|]ovest  of  them  the  distinctions  are  much  less  plain. 

In  the  first  place,  it  is  important  to  lay  stress  upon  the  differences 
[between  vegetable  and  animal  cells,  first  as  regards  their  strneture  and 
[lieit  as  regards  their  functions. 

(L)  It  has  been  already  mentioned  that  in  animal  cells  an  envelope 
•cell-wall  is  by  no  means  always  present.  In  adult  vegetable  cells,  on 
he  other  hand,  a  well-defined  cellulose  wall  is  highly  characteristic; 
hi*,  it  should  be  remembered,  is  non^nitrogonous,  and  thus  ditfers 
iljeraically   as   well    as   structurally   from    the   contained    protoplasmic 

Moreover,  in  vegetable  cells  (fig.  17,  b),  the  protoplasmic  contents 
of  the  cell  fall  into  two  subdivisions  r  (1)  a  contiuuous  film  which  lines 
he  interior  of  the  cellulose  wall;  and   (2)  a  reticulate  mass  contain- 

3 
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i9$K  iU*i  iiudi;UN  MfKi  ^KiiciipyHJg  tlic  Cell  caTitv;  iu  interstices  are  filled 
Willi  fliiMl,  In  young  vegetable  cells  i»uch  a  distinction  does  dc7^ 
itxiNi;  a  finely  granular  protoplasm  occupies  the  whole  cell-ca?itjy 
nig.  17,  A). 

Anoilii;r  Mtriking  difTerence  is  the  frequent  presence  of  a  large  quan— 
iity  of  intirntrlJulur  HubKtance  in  nnimul  tissues,  while  in  vegetables  it i0 
<;onipiintti\(«ly  ran',  IIm;  requiqite  consistency  being  given  to  their  tissnes 
by  Uiii  iimy^U  rvWiiUm*  wiiIIh,  often  thickened  by  deposits  of  lignin. 
An  iin  cxfimpli)  of  llio  nnuinor  in  which  tliis  end  is  attained  in  animal 
tJMNUi'H,  may  \m  rncnlioned  tiiu  deposition  of  lime  salts  in  a  matrix  of 
ijit«irf'«'lliiliir  HuliHlancu  whicli  occurs  in  the  formation  of  bone. 

(ti. )  Art  rugunlrt  tho  reHpcctivu  functions  of  animal  and  vegetable  cells, 
onn  (if  the  nioitt  important  difTerenccH  cunnidts  in  tho  power  which  vege- 
talihi  rollri  poHHOHri  of  being  able  to  build  up  now  complicated  nitrogenous 


4^nL. 


Fill  U     u  ^  Youiii;  v«*K^Ahl«»  i"**!!*.  Ahowtai?  crlU^Avlty  MitiMr  filled  with  fgrtudMr  mhiIihiIimii 
tm«K^i\|l  A  Urc^  t»x«)  iiih'kHiM,  >ikith  ««h«  i^r  inort«  niK*l«Htli.    (^».>  Okler  cells  from  same  punt,  tiMom- 

lUH  UlnlllH'l  ^VlluK«lll«  >II«U  (MmI  V«OU«4Htk4l  of  |HXtU^f4«blll. 

and  non<nit^\)|^'nous  IhhUos  out  of  very  simple  chemical  substances  ob- 
lauusl  fivm  tho  air  and  fr\>ni  ilio  soil.  They  obuin  from  the  air,  oxy- 
>i\'n«  wivlnmiv'  uuhydrido,  and  >»  at  or,  as  well  as  traces  of  ammonia  gas; 
)Uu(  fivm  ih«  s\ul  Uu\v  obtain  water,  ummouium  ssilt£«  nitrates,  sulphates 
and  ph\v<phati\^  and  :^uoh  Iki;^'^  as  )H>tassiunu  calcium*  magnesiam,  ao- 
diuuu  ir\»iu  and  v^tucr^  The  majority  of  plants  are  able  to  work  up 
lh\NA'  cWuicuiaix  KViu{vuiuls  irao  other  and  more  cv>mpUcakted  bodies. 
Thu  iho>  .4VV  al»;c  10  vio  :u  vvt^s^v^iu'tuv  of  th^ir  ov^taining  a  certain 
o\vt\>rui$  matior  v\uU\l  ..t.V'^.  j:.i-^  \  the  pr\*<?<*:xv  <'i  which  is  Uie  caose  of 
tW  ^tv^-'ii  huv  oC  i*Uv.is.  Iv.  ail  plait;*  whici:  vv:::aui  ohlarophjU  two 
|v\v<«K>«  arv  v.vii*uci5l>  ^v.h-^  v'-  «Sien  Ui^y  arv  ex(Vi»ed  to  light:  one^ 
\kUvh  :s  v\uU\l  :  '*•:  •.  \.r'f.ijt  sv.^l  *ut  a  p^,^>r«s^  vvattcivcL  U>  animal  and 
\^viaJ>*v  ^v".s  al:iv\  .vr.>is;s  :u  ;ii^  ukiv.^  of  :ie  oxy-jxa  fr^>m  tbe  ai> 
Jttts\^vVrv  A".i  :'"o  ^*^  v^  ou:  vf  cArovr.  iAV'-*>:  iiie  och^fr.  which  ifl 
y^^i-^  ;*y^\ArvJ.'-;l^>»  ;o  x\;x<  vv.v.:;i:.-::'j:  cJ'.A'rv^-iyLl  c\:f;A£;$6$  in  the 
l*iu*Hw  i'*  ^-  ^-Aiix^'i  ,'',\vco  iv-i  iJ^  i:-**'-^:  ■-*'••  *  ^^'  .-.Vs^u.  Isdevma  that 
io.^^  Mlci>,»i.M^>..l  >  cik>,^c  ,*i  icvvm  .x-^s:  \^  :jc  .-jccca  i^/xiiie  gas  and 
*^i  xxij^^  ;av*  ,>jL^\Vi/    :i   ;av'  >irU':(.'Arv*  .u  ;!«*  i.cm  s?c  90«l<  il<«- com- 
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ptind,  one  of  the  most  rapiiHv  ff»rirn'tl  tif  uliicb  is  slarrk.     Tlio  first 

itepiu  the  formation  of  starch  ia  the  union  of  €iLrhon  dioxido  und  water 

to  form  formic  aldehyde,  CO^+IIaO^Cn^O  +  O^,  oxygen  Ijcing  evolved; 

tlieu  by  polymerization  the  fornnUion  of  sugar  tliut^,  0  ClIaO  =  CVHiaO«; 

and  by  dehydration,  ^sllyiO«^lhA)  =  CAlU\^ht  the  production  of  etardi. 

Id  ibts  way  is  starch  synthtrsijjed  or  built  up.     Vegetable  protoplasm  by 

llieHid  of  its  chlorophyll  is  able  to  bnild  up  a  large  number  of  hodiea 

bdtdes  starch,  the  most  interesting  and  important   being  proteid  or 

ttibnmin.     It  appears  to  be  a  faet  that  the  power  which  bodies  possess 

of  being  able  to  synthesize  is  to  a  hirge  extent  dependent  upon  tlie  eblo- 

rophyll  they  contain.     Thus  the  power  is  only  present  to  any  marked 

eit€nt  in  the  plants  in  which  cblorophyll  is  found  and  is  absent  in  those 

which  do  not  possess  it;  while  on  tlie  other  hand  it  is  present  in  the 

eitremely  few  animals  which  contain  it  and  is  almejit  except  in  certain 

rare  inst^uiees  as  one  of  the  properties  of  animal  protoplasm. 

It  mast  be  recollected,  however,  that  chlorophyll  without  the  aid  of 
the  light  of  tli9  sun  can  do  nothing  in  tlie  way  of  building  up  substances, 
and  u  plant  containing  chlorophyll  when  placed  in  the  dark,  as  long  as 
it  lives,  and  that  is  not  as  a  rule  long,  acts  as  though  it  did  not  contain 
my  of  that  substance.  It  is  an  interesting  fact  that  certain  of  the  bac- 
teria have  the  chlorophyll  rei)laced  by  a  similar  pigment  which  is  able 
to  decompose  carbon  dioxide  gas. 

Animxd  celk,  except  in  the  very  rare  ciises  above  alluded  to,  do  not 
the  power  of  building  up  from  simple  materials;  their  activity 
^eily  exercised  in  the  op])Osite  dlrecition,  viz.,  they  have  brought  to 
them  M  food  the  complicated  compounds  produced  by  the  vegetable 
kingdom,  and  with  them  they  are  able  to  perform  their  functions,  aet- 
tmg  free  energy  in  the  direction  of  heat,  motion,  und  electricity,  and  at 
the  e^me  time  eliminating  such  bodies  aa  carbon  dioxide  and  water,  and 
jTodacing  other  bodieSj  many  of  which  contain  nitrogen,  but  which  are 
dflrifed  from  decomposition,  and  only  in  very  rare  cases  from  building 

It  must  be  distinctly  understootl,  liowover,  that  there  are  instancoB 
of  unimal  cells  performing  synthetic  functions  and  of  combining  two 
simpler  compounds  to  produce  one  more  complex,  and  it  is  quite  possi- 
ble that  many  of  the  processes  performed  by  the  cells  of  certain  organs 
we  ijiitances  of  synthesia,  and  not  as  they  have  been  described  of  break- 
ing down;  and  the  reverse  is  undoubtedly  the  case  with  vegetable  cells, 
■0  that  it  ia  imjiossible  to  generalize  to  a  greater  extent  than  to  say  that 
thi  tendency  of  the  activity  of  the  vegetable  coll  is  chiefly  toward  syn- 
tiiliii,  and  of  the  animal  cell  toward  analvbis. 

With  reference  to  the  substance  chlorophyll  i t  is  necessary  to  say  a 
few  words.     It  has  been  noted  that  the  synthetical  operations  of  vege- 


libite 
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table  cells  are  peculiarly  associnted  with  the  pogsoseion  of  chlorophyl 
and  that  these  operations  are  dependent  upon  the  light  of  the  sun.  1 
has  been  further  shown  that  a  solution  of  chlorophyll  has  a  definit 
absorption  spectrum  when  examined  with  the  spectroscope,  and  that  i 
is  particularly  those  parts  of  the  solar  spectrum  corresponding  to  thei 
absorption  bunds  which  are  chiefly  active  in  the  decomposition  of  cai 
bonic  anhydride^  and  that,  moreover,  the  position  of  the  maximum  absorf 
tion  corresponds  with  the  maximum  of  energy  of  light.  In  the  synthel 
ical  processes  of  the  plant  then,  by  aid  of  its  chlorophyll,  the  radian 
energy  of  the  sun's  rays  becomes  stored  up  or  rendered  potential  in  th 
products  formed.  The  potential  energy  is  set  free,  or  is  again  mad 
kinetic,  when  these  products  simply  by  combustion  produce  heat»  o 
when  they  are  taken  into  the  animal  organism  and  nsed  as  food  and  t 
produce  heat  and  motion. 

The  influence  of  light  is  not  an  absolute  essential  to  animal  life;  ii 
deed,  it  is  said  not  to  increase  the  metabolism  of  animal  tissue  to  an 
extent,  andtlie  animal  cell  does  not  receive  its  energy  directly  from  th 
sun's  light,  nor  yet  to  any  extent  from  the  sun's  heat,  but  from  th 
products  formed  by  vegetable  metiibolism  supplied  as  food,  either  d 
rectly,  as  in  tlie  case  of  herbivoni,  or  indirectly  in  the  case  of  carniyon 
The  potential  energy  of  these  food  stuffs  is  set  free  in  the  destmcti^ 
metabolism  of  the  animal  cell  already  alluded  to.  But  it  must  bealwa} 
recollected  that  anabolism  is  not  peculiar  to  vegetable,  or  katabolism  t 
animal  cells;  both  processes  go  on  in  each,  but  the  chief  function,  { 
far  as  we  know  at  present  of  the  former,  is  to  transform  kinetic  into  p< 
tential  energy,  and  of  the  latter  to  render  potential  energy  kinetic,  t 
in  heat,  motion,  and  electricity. 

With  reference  to  the  food  of  plants,  it  should  not  be  forgotten  thf 
some  of  the  lowest  forms  of  vegetable  life,  e.ff.,  the  bacteria,  will  lii 
only  in  a  highly  albuminous  medium,  and  in  fact  seem  to  require  f( 
their  growth  elements  of  food  stuffs  which  we  shall  see  later  on  are  ei 
sential  to  animal  life.  In  their  metabolism,  too,  they  very  closely  aj 
proximate  to  animal  cells,  not  only  requiring  an  atmosphere  of  oxyge 
but  giving  out  carbonic  anhydride  freely,  and  secreting  and  excretir 
many  very  complicated  nitrogenous  bodies,  as  well  as  forming  protei 
carbohydrates,  and  fat,  requiring  heat  but  not  light  f or  the  due  perf om 
ance  of  their  functions.  It  must  be  added,  however,  that  certain  ba( 
teria  grow  only  in  the  absence  of  oxygen. 

(3.)  There  is,  commonly,  a  difference  in  general  chemical  compositic 
between  vegetables  and  animals,  even  in  their  lowest  forms ;  for  associate 
with  the  protoplasm  of  the  former  is  a  considerable  amount  of  ccUulos^ 
a  substance  closely  allied  to  starch  and  containing  carbon,  hydrogen,  an 
oxygen  only.    The  presence  of  cellulose  in  animals  is  much  more  nu 
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than  in  vegetables,  bnt  there  are  many  animals  in  which  traces  of  it  may 
bediicoTered,and  some,  the  Ascidians,  in  which  it  is  found  in  consider- 
tUe  quantity.  The  presence  of  starch  in  vegetable  cells  is  very  charao- 
toiitio,  though,  as  we  have  seen  above,  it  is  not  distinctive,  and  a  sub- 
iIbb^  glycogen,  similar  in  composition  to  starch,  is  very  common  in  the 
orguiB  and  tissues  of  animals. 

(i)  Inherent  power  of  movement  is  a  quality  which  we  so  commonly 
oonnder  an  essential  indication  of  animal  nature,  that  it  is  difBcult  at 
fint  to  oonceiye  it  existing  in  any  other.  The  capability  of  simple  mo- 
tioQ  ii  now  known,  however,  to  exist  in  so  many  vegetable  forms,  that 
it  can  no  longer  be  held  as  an  essential  distinction  between  them  and 
animals,  and  ceases  to  bo  a  mark  by  which  the  one  can  be  distinguished 
from  the  other.  Thus  the  zodspores  of  many  of  tlie  Cryptogamia  ex- 
hibit ciliary  or  amoeboid  movements  of  a  like  kind  to  those  seen  in 
uusbn;  and  even  among  the  higher  orders  of  plants,  many,  0.^.,2>um«Mi 
Mudpula  (Venus's  fly-trap),  and  Mimosa  sensitiva  (Sensitive  plant),  ex- 
hibit such  motion,  either  at  regular  times,  or  on  tlio  application  of 
external  irritation,  as  might  lead  one,  were  this  fact  taken  by  itself,  to 
legud  them  as  sentient  beings.  Inherent  power  of  movement,  then, 
although  especially  characteristic  of  animal  nature,  is,  when  taken  by 
itad(  no  proof  of  it. 


CHAPTER  11. 

THE  FUNCTIONS  OP  ORGANIZED  CELLS. 

As  we  proceed  upward  in  the  scale  of  life  from  unicellular  organisiDiy 
we  find  that  another  phenomenon  is  exhibited  in  the  life  history  of  the 
higher  forms,  namely,  that  of  Development,    An  amoeba  comes  into  ba- 
ing  derived  from  a  previous  amcrba;    it  manifests  the  properties  aad 
performs  the  functions  of  its  life  which  have  been  already  enumerated; 
it  grows,  it  reproduces  itself,  whereby  several  amoobaa  result  in  place  oi 
one,  and  it  dies.     It  cannot  bo  sjiid  to  develop,  however,  unless  the  for- 
mation of  a  nucleus  can  bo  considered  as  an  indication  of  such  a  process- 
In  the  higher  organisms  it  is  different;  they,  indeed,  begin  as  a  single 
cell,  but  this  coll  on  division  and  subdivision  does  not  form  so  msn^ 


FI^.  18.— Tranaversp  Roctlon  tlirou^h  onibrj'o  chick  (Oft  hours),  a,  Epiblast;  fc,  mesoblart;  c, 
hypoblast:  d,  central  iwrtion  of  iiiesoblast,  winch  is  here  fuHt^l  with  epiblnst;  e,  primitive  groove; 
/,  dorsal  ndKO.    (Kloin.) 

independent  organisms,  but  produces  the  material  from  which,  by  devel- 
opment, the  complete  and  perfect  whole  is  to  bo  derived.  Thus,  from 
the  spherical  ovum,  or  germ,  which  forms  the  starting-point  of  animal 
life  and  which  consists  of  a  protoplasmic  cell  with  a  nucleus  and  nucle- 
olus, in  a  comparatively  short  time,  by  the  process  of  segmentation  which 
has  been  already  mentioned,  a  complete  membrane  of  cells,  polyhedral 
in  shape  from  mutual  pressure,  called  the  Blastoderm,  is  formed,  and 
this  speedily  divides  into  two  and  then  into  three  layers,  chiefly  from 
the  rapid  proliferation  of  the  cells  of  the  first  single  layer.  These  layers 
are  called  the  Epiblast,  the  Mesoblast,  and  the  Hypoblast  (flg.  18). 
It  is  found  in  the  further  development  of  the  animal  that  from  each 
of  these  layers  is  produced  a  very  definite  part  of  its  completed  body. 
For  example,  from  the  cells  of  the  epiblast  arQ  derived,  among  other 
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structures^  the  skin  iind  tho  ceiiiml  jiervouB  system;  from  the mesob hist 
is  derived  the  flesh  or  muacles  of  the  hodj;,  nud  from  the  hypoblast  the 
•pithelium  of  the  alimentary  canal  and  some  of  the  chief  glands,  and  so  on. 
It  is  obvious  that  the  tiBBiies  and  organs  so  derived  exhibit  in  a  varv- 
iiig  degree  the  primary  properties  of  protoplasm.  The  museles,  for 
ex&mple,  derived  from  certain  rells  of  the  nn^sobljist  iire  particularly  non- 
tnctile  and  respond  to  stimuli  reaJily,  while  tlie  cells  of  the  liver, 
dthongh  possibly  contractile  to  a  certain  extent,  have  to  do  oliiefly  with 
the  processes  of  nutrition, 

ThnSt  in  development,  wo  see  that  as  the  colls  of  the  embryo  in- 
Qiiaae  in  nwmher  it  speedily  becomes  necessary  for  the  organism  to 
d^pnte  to  diifereTit  groups  of  cells,  or  to  tlioir  orjuivalonts  (^/^,  to  the 
tisBUes  or  organs  to  which  they  give  rise),  speciid  functions,  so  tbat  the 
iirioas  functions  which  the  original  coll  may  bo  supposed  to  discharge, 
md  the  various  properties  it  maybe  supposed  to  possess,  become  divided 
np  among  various  groups  of  resnlting  cella.  The  work  of  each  group 
U ipecialized.  As  a  result  of  this  division  of  labor,  m  it  may  be  ealied» 
these  fanctions  ami  proiierties  arc,  as  might  bo  expect od,  developed  and 
made  more  perfect,  while  the  tissues  and  organs  arising  from  each 
group  of  cells  are  developed  alao,  with  a  view  to  the  more  convenient 
and  effective  exercise  of  their  functions  and  employment  of  tbeir  i^rop- 
irrties. 

In  studying  the  fiinr'tiona  of  the  human  body  it  is  necessary  first  of 
^  to  know  of  what  it  is  composed,  of  what  tissues  and  organs  it  is  made 
«Jp;  this  can  of  course  only  be  ascertained  by  the  dissection  of  the  dead 
Wy.and  thus  it  comes  that  Anatomy  [nvari^tvat^  to  cut  up)  the  science 
«riiieli  treats  of  the  structure  of  organized  bodies,  is  cloBoly  aesociated 
tith  physiology  J  so  closely,  indeed*  that  Histology  {fTTdT>Aweb},  which 
it espcycially  concerned  witli  the  minute  or  microscopic  structure  of  the 
tiasaes  and  orgiins  of  the  body,  and  which  is  strictly  speaking  a  depart- 
ment of  anatomy,  is  usually  inchided  in  works  on  physiology.     There  is 
mnch  to  be  said  in  favor  of  such  an  sirnmgenjeiit,  since  it  is  impossible 
to  oonsider  the  changca  which  take  place  in  any  tissue  curing  life, 
ipirt  from  the  knowledge  of  the  structure  of  the  tissues  thumselvea. 
To  understand  the  structure  of  the  human  hotly  in  an  intelligent  way, 
much  help  is  obtained  from  the  study  of  tlie  structure  of  other  animals, 
from  the  lowest  to  the  highest,  wliich  is  tlio  province  of  Comparative 
Anatomy;  while  Embryology,  which  is  concerne<l  witli  the  mode  of 
origin  of  the  various  tis^uea  in  the  embryo  of  each  aui;a.  ]»  and  which  is 
ujually  studied  at  the  end  of  physiology,  should  from  some  points  of 
'    riew  be  considered  as  an  introduction  to  the  subject. 
I     A  second  imporbxnt  essential  to   the  right  comprehension  of  the 
Bhangee  whieli  take  place  in  the  living  organi-sm  18  a  knowledge  of  the 
■(btiiUGiil  compositioD  of  the  body*    XXerCi  however,  we  can  only  deid 
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with  the  chemical  composition  of  the  dead  body,  and  it  is  as  well  a 
once  to  admit  that  there  may  be  many  chemical  differences  betweei 
liTing  and  not  living  tissues;  but  as  it  is  impossible  to  ascertain  thi 
exact  chemical  composition  of  the  living  tissues,  the  next  best  thinj 
which  can  bo  done  is  to  find  out  as  much  as  possible  about  the  com 
position  of  the  same  tissues  after  they  are  dead.  This  is  the  assistant 
which  the  science  of  Chemistry  can  afford  to  the  physiologist,  and  tb 
same  science  is  concerned  with  the  composition  of  the  ingesta  and  egesU 
as  well  as  with  that  of  tho  fluids  of  the  body. 

Having  mastered  the  structure  and  composition  of  the  body,  we  ar 
brought  face  to  face  with  physiology  proper,  and  have  to  investigate  th 
vital  changes  wliich  go  on  in  the  tissues,  the  various  actions  taking  plac 
as  long  as  the  organism  is  at  work.  The  subject  includes  not  only  tl: 
observation  of  the  manifest  processes  which  are  continually  takin 
place  in  the  healthy  body,  but  the  conditions  under  which  these  ai 
brought  about,  the  laws  wliirli  govern  thoin  and  their  effects. 

We  know  from  our  study  of  biology  that  the  cells  of  which  the  tii 
sues  are  composed  Cjinnot  live  without  food,  l>oth  solid  and  liquid.  1 
a  complicated  organism  like  the  body  of  man,  the  tissues  cannot  suppi 
themselves  with  food  directly  like  the  amooba,  and  so  it  comes  that  th 
various  tissues  are  furnished  with  what  they  require  by  means  of 
fluid,  the  bloody  which  is  carried  to  them  in  tubes  or  canals,  the  biooi 
vessels,  which  are  distributed  to  every  region  of  the  body.  In  order  thj 
the  blood  shall  reach  all  j^arts,  the  system  of  vessels  in  which  it  is  coi 
tained  is  supplied  with  a  central  pumping  organ,  the  heart.  Then  ^ 
find  that  as  the  oxygen,  which  is  one  of  the  requisites  of  the  life  of  tl 
tissues,  and  which  is  carried  to  tlie  tissues  by  the  blood,  is  used  up, 
special  means  is  provided  by  respiraiion,  or  breathing,  by  means  ( 
which  the  blood  is  exposed  to  a  new  supply  of  oxygen  of  the  air,  whic 
is  taken  into  special  organs,  the  linigs,  for  the  purpose,  and  which  \ 
the  same  time  allows  of  the  elimination  of  the  carbonic  anhydride  tl 
blood  conveys  from  the  tissues.  Then  again,  as  the  solid  food  for  tl 
tissues  cannot  be  conveyed  in  the  blood  in  the  exact  form  in  which  it 
introduced  into  the  body,  a  special  and  complicated  appanitus  is  pr 
vided,  that  of  digestion,  by  means  of  which  the  necessary  changes  a: 
brought  about  in  the  food.  Tho  digested  food  is  then  absorbed  an 
carried  to  the  blood,  either  directly  with  little  further  change  by  meai 
of  another  system  of  vessels  in  connection  with  the  blood-vessels,  tl 
lymphatic  vessels,  or  after  passing  through  a  special  organ  or  gland,  tl 
liver,  by  means  of  which  some  further  changes  take  place.  In  tl 
digestive  apparatus  we  have  the  organs,  the  stomach  and  intestines,  in 
which  the  food  is  received  for  the  purpose  of  being  acted  upon  by  cc 
tain  chemical  agents,  of  which  ferments,  bodies  which  are  capable 
setting  up  profound  changes  in  other  bodies  without  themselves  undc 
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going  change,  are  the  most  important;  there  is  added  the  apparatus  by 
means  of  which  the  altered  food  stuffs  are  absorbed  or  reach  the  two 
systems  of  blood-vessels  already  mentioned,  and  a  muscular  apparatus 
contained  in  the  walls  of  the  intestinal  tube  by  means  of  which  that 
part  of  the  food  which  is  not  fit  for  absorption  is  removed  from  the 
body.  In  addition  to  this  excretory  apparatus  we  have  another,  the 
kidneys,  which  are  concerned  with  the  removal  of  certain  substances 
{rem  the  blood  which  have  served  their  purpose  in  the  economy. 

Then  we  have  the  muscular  system,  which  by  its  special  power  of 
coDtraction  is  capable  of  bringing  about  all  the  movements  of  the  body 
-those  of  the  frame,  the  head,  arms,  legs,  etc.,  as  well  as  those  of  the 
heart,  the  vessels,  the  alimentary  canal,  and  the  like.  The  nervous  sys- 
/««,by  the  aid  of  which  the  processes  of  the  living  body  may  be  regu- 
lated and  controlled.  Lastly,  we  have  a  special  system — that  of  the 
generative  system,  by  means  of  which  the  reproduction  of  the  species 
may  take  place. 

To  these  subjects,  the  merest  outline  of  which  has  been  here 
sketched,  our  attention  has  to  be  given  in  the  succeeding  chapters,  but 
it  may  be  well  to  mention  as  a  preliminary  that  the  information  about 
them  which  we  have  at  our  disposal  has  been  derived  from  many  sources, 
the  chief  of  which  are  as  follows : — 

(1.)  Prom  actual  observation  of  the  various  phenomena  occurring  in 
the  human  body  from  day  to  day,  and  from  hour  to  hour,  as,  for  exam- 
pie,  the  estimation  of  the  amount  and  composition  of  the  ingesta  and 
egesta,  the  respiration,  the  beat  of  the  heart,  and  the  like; 

(2.)  From  observations  upon  other  animals,  the  bodies  of  which  we 
are  taught  by  comparative  anatomy  approximate  to  the  human  body 
in  structure; 

(3.)  From  observations  of  the  changes  produced  by  experiment  upon 
the  various  processes  in  such  animals; 

(4.)  From  observ^ations  of  the  changes  in  the  working  of  the  human 
body  produced  by  diseiiso ; 

(5.)  From  observations  upon  the  gradual  changes  which  take  place 
in  the  functions  of  organs  when  watched  in  the  embryo  from  their 
earliest  beginnings  to  their  completed  development. 

In  accordance  with  the  plan  sketched  out  above,  the  next  chapter 
will  be  devoted  to  a  consideration  of  the  minute  structure  of  the  ele- 
mentary tissues,  and  the  one  after  that  to  a  preliminary  account  of  the 
chemical  composition  of  the  body.  These  two  chapters  will  serve  as  an 
introduction  to  the  study  of  the  problems  of  physiology  proper,  which 
will  be  commenced  in  Chapter  V. 


CHAPTER  III. 

THE  STRUCTURE  OP  THE  ELEMENTARY  TISSUES. 

The  careful  examination  of  the  minute  anatomy  of  the  body  his 
shown  that  there  are  certain  elementary  structures,  of  which,  alone  or 
when  combined  in  varying  proportions,  the  whole  of  the  organs  and 
tissues  of  the  body  are  made  up.  These  Elementary  Tissues  are  foa^ 
in  number,  called :  (1.)  The  EjntMial ;  (2.)  The  Connective;  (3.)  Th^ 
Muscular,  and  (4.)  Tlie  Nervous.  To  these'four,  some  would  add  a  fiftt^ 
looking  upon  the  Blood  and  Lymph,  containing,  as  they  do,  formed 
elements  in  a  fluid  menstruum,  as  a  distinct  tissue. 

All  of  these  elementary  tissues  consist  of  cells  and  of  their  altereC 
equivalents.  It  will  be  as  well  therefore  to  indicate  some  of  the  differ- 
ences between  the  cells  of  the  body.  They  are  named  in  various  waySj 
according  to  their  shajw,  situation,  contents,  origin,  tLud  functions. 

(a.)  From  their  shape,  cells  are  called  splierical  or  spheroidal,  whicli 
is  the  typical  shape  of  the  free  cell;  this  may  be  altered  to  polyhedrd 
when  the  pressure  on  the  cells  in  all  directions  is  nearly  the  samQ;  of 
this  the  primitive  segmentation  cells  afford  an  example.  The  discoid 
form  is  seen  in  blood-corpuscles,  and  the  scale-like  form  in  superficial 
epithelial  cells.  Some  cells  have  a  jagged  outline  and  are  then  called 
prickle  cells.  Cells  of  cylindrical,  conical,  or  prismatic  form  occur  in 
various  places  in  the  body.  Such  cells  may  taper  off  at  one  or  both 
ends  into  fine  processes,  in  the  former  case  being  caudate,  in  the  latter 
fusiform.  They  may  bo  greatly  elongated  so  as  to  become  fibres.  Cells 
with  hair-like  processes,  or  cilia,  projecting  from  their  free  surfaces,  are 
a  special  variety.  The  cilia  vary  greatly  in  size,  and  may  even  exceed 
in  length  the  cell  itself.  Finally,  cells  may  be  branched  or  stellate  with 
long  outstanding  processes. 

(h.)  From  their  situation  cells  may  be  called /re«,  as  in  the  blood, 
or  comhined,  when  connected  together  or  with  other  elements  to  form 
organs  and  tissues. 

(c.)  From  their  contents  cells  are  called,  when  containing  fat  for 
example, /a/  cells  ;  when  containing  pigment,  jtn^m^w/  cells,  etc. 

{d.)  From  their  function  cells  are  called  secreting,  protective,  sensi' 
tive,  contractile,  and  the  like. 

{e.)  From  their  origin  cells  are  called  epiblastic  and  mesoblastic  and 
hypoplastic  (synonyms  =  ectodermic,  mesodermic,  and  endodermic), 
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form 


Modes  of   Connection.— Cells   are  connected   together   to 
tissues  iii  various  waya, 

(1.)  By  mean  of  a  cementing  intercelluljir  substance.     This  is  prob- 
iblj  always  preaoiit  as  a  transparent,  colorless,  viscid,  albuiniTHJiis  8ub- 
BUmc6|  even  between  the  closely  apposed  cells  of  epithoUumt  while  in 
thftcase  of  cai'tilage  it  forms  the  main  bulk  of  the  tissue,  and  the  colls 
onlf  appear  as  imbedded  iu,  not  m  cenieoted  together  by,  the  intercel- 
lular substance.     This  intercellular  substance  nuiy  be  either  honiogene- 
ottj  Of  fibrillated.     In  many  Ciwies  (^.//.»  the  cornea)  it  can  be  nhown  tu 
oonUin  a  number  of  irregular  liranehod  cavities,  which  comuiuriicate 
with  each  other,  and  in  which  bninehed  cells  lie:  through  these  branch- 
UJ|  apaces  nutritive  tluids  can  lind   their  way  into  the  very  renintci^t 
part*  of  a  uon-vaseular  tissue. 

As  a  special  variety  of  iiitercellular  sobstanee  ujust  be  mentioned  the 
liMi&njent  membrane  {tnemhrnnn  prnprut)  wiiicli  is  found  at  the  base  of 
tk  e|>ithclial  cells  io  moat  mucous  membranes,  and  especially  as  an 
investing  tunic  of  gland  follicles  whir  h  det<TmiiH\s  their  shape,  and 
which  may  persist  as  a  hyaline  saccule  after  the  gland  cella  have  all 
Wii  dii5chtu"ged. 

%)  By  linaetomosis  of  their  processes.  This  is  the  usual  way  in 
wliicb  gtellatti  cells,  <?.^.  of  the  cornea,  are  united:  the  individuality  of 
unchcell  is  thus  to  a  great  extent  lost  by  its  connection  with  its  neigh- 
bor to  form  a  reticulum:  as  an  example  of  a  network  so  produced  we 
nijijcite  the  stroma  of  lynijibatiL*  glands. 

Somotimos  the  brancheil  processes  breaking  up  into  a  maze  of 
niinotf  fibrils,  adjoining  colls  are  connected  by  sin  intermediate  reticu- 
lum: this  is  the  case  in  the  nerve  cells  of  the  fijunal  cord. 
Derived  Tissue-elements^—Besides  the  Cell,  which  may  bo  termed 
primary  tissuc-elemcnt,  there  are  nuiterials  whii-h  may  be  termed 
Pitodary  or  derived  tissue-elements.  8ueh  are  Intt^rcellular  substance, 
Fibres,  and  Tubules. 

«,  Inlrrcelifihr  fttiMsfttrtcf*  is  probably  in  all  cases  directly  derived 
from  the  cells  themselves.  In  some  cjisch  (/.f/.  cartilage),  by  the  use  of 
reigentj*  Hie  cementing  intercellular  substance  is,  as  it  wore,  analyzed 
into  various  masses,  each  arranged  in  concentric  layers  around  a  cell  or 
group  of  cells,  from  which  it  was  probably  derived, 

fi,  Filtres,     In  the  case  of  the  crystalline  lens,  and  of  muscle  both 

lated  and  non-striated,  each  ilbre  is  simply  a  metamorpljosed  cell;  in 

10  Cttse  of  a  striped  fibre,  the  elongation  being  accompanied  by  a  mnl- 

iplication  of  the  nuclei.     The  variims  fibres  and  Hbrilhc  of  connective 

m  result  from  a  grathial  triinsformation  of  an  originally  homogcne- 

M  intercellular  substance.     Fibres  thus  formed  may   undergo  great 

hemiciil  as  well  as  physicjd   transformation:    this  i«  notably  the  cjise 

h  yellow  elastic  tissue,  in  which  the  i^harply  defined  elastic  fibres, 
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possessing  great  power  of  resistance  to  reagents,  contrast  striking] 
with  the  homogeneous  matter  from  which  they  are  derived. 

Y.  Tubules,  such  as  the  capilkry  blood-vessels,  which  were  originill, 
supposed  to  consist  of  a  structureless  membrane,  have  now  been  provo 
to  be  composed  of  flat,  thin  cells,  cohering  along  their  edges. 

Decay  and  Death  of  Cells.— There  are  two  chief  wajb  in  which  tb 
comparatively  brief  existence  of  cells  is  brought  to  an  end.  (I)  Mechan 
ical  abrasion,  (2)  Chemical  transformation. 

1.  The  various  epithelia  furnish  abundant  examples  of  mechanics 
abrasion.  As  it  approaches  the  free  surface,  the  cell  becomes  more  anc 
more  flattened  and  scaly  in  form  and  more  homy  in  consistency,  till  a 
length  it  is  simply  rubbed  off  as  in  the  epidermis.  Hence  we  find  epi 
thelial  cells  in  the  mucus  of  the  mouth,  intestine,  and  genito-nrinai 
tract. 

2.  In  the  case  of  chemical  transformation  the  cell-contents  underfi 
a  degeneration  which,  though  it  may  be  pathological,  is  very  often 
normal  process. 

Thus  we  have  (a)  fatty  metamorphosis  producing  oil-globules  in  it 
secretion  of  milk,  fatty  degeneration  of  the  muscular  fibres  of  the  uten 
after  the  birth  of  the  fcetus,  and  of  the  cells  of  the  Graafian  follic^ 
giving  rise  to  the  "corpus  luteum."  (b)  Pigmentary  degeneration  froi 
deposit  of  pigment,  e,g,  in  tlie  epithelium  of  the  air  vesicles  of  the  lung 
(c)  Calcareous  degeneration,  which  is  common  in  the  cells  of  man 
cartilages. 

I.  The  Epithelial  Tissues. 

The  term  epithelium  is  applied  to  the  cells  covering  the  skin,  tb 
mucous  and  serous  membranes,  and  to  those  forming  a  lining  to  othc 
parts  of  the  body  as  well  as  entering  into  the  formation  of  glands.  Fc 
example : — 

Epithelium  clothes  (1)  the  whole  exterior  surface  of  the  body,  fom 
ing  the  epidermis  with  its  appendages— nails  and  hairs;  becoming  coi 
tinuous  at  the  chief  orifices  of  the  body — nose,  mouth,  anus,  and  urethi 
— with  the  (2)  epithelium  which  lines  the  whole  length  of  the  (3)  resp 
ratory,  alimentary,  and  gen i to-urinary  tnicts,  together  with  the  ducts  < 
their  various  glands.  Epithelium  also  lines  the  cavities  of  (4)  the  brai 
cind  the  central  canal  of  the  spinal  cord,  (5)  the  serous  and  synovi; 
membranes,  and  (6)  the  interior  of  all  blood-vessels  and  lymphatic 
(endothelium). 

Epithelial  cells  possess  an  intracellular  and  an  intranuclear  netwoi 
(pp.  9  and  10).  When  combined  together  to  form  a  tissue,  they  are  hel 
together  by  a  clear,  albuminous,  cement-substance,  scanty  in  amoun 
The  viscid  semi-fiuid  consistency  both  of  cells  and  intercellular  sul 
stance  permits  such  changes  of  shape  and  arrangement  in  the  indi vidua 
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cells  flfi  are  necessary  if  the  epitlieliuni  is  to  maintain  its  integrity  in 
organs  the  area  of  whose  free  surfaiie  is  so  constantly  changing,  us  the 
stomacli,  Inngs^  etc.  Thus,  if  tliere  be  but  a  single  layer  of  eells,  as  in 
thttepithelinm  lining  the  air  vesicles  of  the  lungs,  the  Btretching  of  this 
membrane  causes  such  a  thinning  o«t  of  the  cells  that  they  change 
their  ahape  from  spheroidal  or  short  columnar,  to  equamotia,  and  vic^ 
mniiy  when  the  membrane  shrinks. 

Epithelial  tissues  are  non-vaseularj  thai  is  to  say^  do  not  contain 
blood-Tesselfi,  but  in  some  varieties  minute  •-channels  exist  between  the 
cells  of  certain  layers  throiigli  which  they  may  be  supplied  with  nour- 
iihment  from  the  subjacent  blood-vessels.  Nerve  fibres  are  supplied  to 
ihe  cells  of  many  epithelia. 

Epithelial  tissue  is  classiQed  according  as  the  cells  composing  it  are 
airanged  in  a  single  layer  when  it  is  simple ,  or  in  several  layers  when  it 
'^Qx^^  st  rati  fie  fi  or  lannftaJc<l,  or  in  two  or  three  layers  occupying  a 
po8iti(>n  between  the  other  two  fornis^  when  it  is  termed  iransilumaL 
Of  each  form,  when  there  are  sevenil  varieties,  they  are  named  acoord- 
iBg  to  the  shape  of  the  cells  composing  it. 

Classificatioii  of  Epithelium. 

(a)  Simple,— (L)  Squamous,  scaly,  pavement,  or  tessellated;  {2,) 
Spheroidal  or  glandular;  (;i.)  Columnar^  cylindrical,  conical  or  goblet* 
ebjied;  (4.)  Ciliated. 

(b)  Transitional. 

(c)  Stratiaed. 

(a)  Simple  Epithelium. 

Squamous  Epithelium.— Thk  form  of  epithelium  is  found  arranged 
«*4  single  layer  of  flattened  cells,  as  (a)  the  pigmentary  layer  of  the 
t^tm,  and  forms  the  lining  of  (I*)  the  interior  of  the  serous  and  syno- 
nalgacs,  (r)  the  alveoli  of  the  lungs,  and  ((/)  of  the  heart,  blood- and 
lymph-vessels*  It  consists  of  cells,  which  are  flattened  and  sc^dy,  with 
« more  or  less  irregular  outline. 

In  the  pigment  cells  of  the  retina  there  is  a  deposit  of  pigment  in 
the  cell-subs tance.  This  pigment  consists  of  minute  molecules  of  a 
Colored  ffubstance,  f7fe/rt/im,  imbedded  in  the  ecll-substance  and  almost 
concealing  the  nacleus^*  which  is  itself  transparent. 

In  white  rabbits  and  other  albino  animals,  in  which  the  pigment  of 
the  eye  is  absent,  this  layer  is  found  to  consist  of  colorless  pavement 
epithelial  cells. 

The  squamous  epithelium  which  is  fonud  as  a  single  layer  lining  the 
crotis  membranes,  and  the  interior  of  blood-  and  lymphatic^veBsele,  is 
mllj  callad  by  a  distinct  name — Endothelium. 


FIr,  30.-A  pit.  I  in  t-iWvT  nitrate.    X  100.    Tbe  tlMQi 

**fmt»irntrd  mt'  li  lit  Htuilded  wiUi  hdkm  orwiaAowm 

fisure  thewa  jun?  itt  v., ,   ,,^  ..,..^-  .  ....  .,.  ^  tmlitHtjUi^,  Um^  tkiislwof  whicli  la  flbro 

•roe  trfcbecuIlP  «T«  of  various  niapfi  autl  are  i^.vt-rwi  witii  eiiLlolhi'liftl  oelii,  the  Olicld  of  wl 

I  made  OTkLent  hy  Htiiiiiirii;  with  lui'maroxyiln  after  thi'  i^^ilvt^r  oitrata  has  ouiLimiid  Uhi 
t  ibe  iDteroelluIar  BubstAUoe,    (,V.  IK  lliuTin. » 

vessels  aod  lymphatics  being  spiiidle-shnped  with  a  very  wavy  o 
They  inclose  u  clear,  oval  iiiieleiis,  which,  when  the  cell  is  viei 
profile,  is  seen  to  project  from  its  surface*  The  nuclei  are  not  h( 
evident  unless  the  tissue  which  has  been  already  stained  in  silver  j 
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ii  placed  in  another  dye,  such  as  liaBmiitoxylm,  which  hiia  the  property 
of  gelectintj  iind  staining  its  iiticleL 

Endothelial  cells  in  certain  situations  may  be  ciliated,  e.y.,  those  of 
tilt!  mesentery  of  the  frog,  especially  during  the  breeding  season. 


M 


f\|t  Kl.— AbdoTitJiuil  surface  nf  c^^ntrol  trndon  of  the*  ctinphm^m  t>t  rabbit,  t;ho win iz  the  general 
poijrgDnul  i^liAix!)  of  rht;  ciodatheliaL  i^\&:  each  eeJJ  la  uuclealecL    (Klein J     >:  iVMi. 

Wdes  the  ordinary  endothelial  cells  above  described,  there  are 
found  on  the  omentum  and  parts  of  the  pleura  of  many  animals,  little 
M'like  processes  or  nodules,  consistiTjg  of  Rmall  polyhedral  granular 
^H;ll^  rounded  on  tlieir  free  surface,  which  have  muUiiilieti  very  rapidly 
•lydinaion  (figs.  22  and  23).  These  constitute  what  is  known  as  ^«r- 
mafintj  etulofhrHnm.  The  process  of  gcrniinatiun  doubtless  goes  on 
in  health,  and  the  small  cells  which  are  thrown  ofl  in  suecesaion  are 


HKp  SL— pteritooeiU  surfAoe  of  %  portion  of  tbe  fK'pOim  of  O^Hafrvat  ]jmph-Mi<f!  of  tr^^.    Tbi^ 
^^fsoatt^mmut  of  which  one  ope»«  iKime  collapsetl,  are  surroundt^d  by  endotheUal  I'^^IU.    fKldiri.) 

ff  IflO 

carried  into  the  lymphaties  and  contribute  to  the  numl>er  of  the  lymph 
curpuscles.  The  hud 8  may  be  enormously  increased  both  in  number 
tn<!  gize  in  certain  diseased  conditions. 

On  those  portions  of  the  perilonenm  and  other  senuis  membranes  in 
[vliich  lymphatics  abound,  apertures  (iig.  22)  are  found  surrounded  by 
|tmjill>  more  or  less  cubical,  cells.  These  apertures  are  called  stomaia, 
[They  are  particularly  well  seen  in  the  anterior  wall  of  the  great  lymph 


Fig.  W,— A  Bmall  pipce  of  ttip  Itrer  of  the  horee,    (CadM.> 

r.  SS>.— fibiniliiliir  «>pith«lliim.    HmaH  Inbiileof  a  miicoija  gl&nd  of  the  toague„  shoving-  i4 
[  gtandultir  tf  lis.     x 'JOO,    (V,  li.  Harm,  i 

Bmtill  cellH^  although  the  surrouiidiug  cells  eeeni  to  radiate  from  theifi 
fijled  up  by  intercellular  sobstiince  or  by  proceasea  of  the  celle  andef 
neafch,     Theae  are  called  pmudo-sioma/a  (fig,  23).  i 
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In  the  neighborhood  of  the  titcrnata,  the  eel  1b  often  niatiifest  indica- 
ikhi  ot  germinating.  They  may  be  either  Lirge  with  two  or  more 
RiidKi,or  about  half  the  size  of  the  gonenility  of  ttells,  Gerniinating 
ct'lla  af  Ibis  kind  or  of  the  kind  above  described,  are  genentlly  very 
gmnukr, 

^phemdai  or  ylanduiar  i'/iif/(i'finm  forms  the  iictive  secreting  agent 
't>  llio  glands,  the  cells  are  liaually  aphcruidal,  but  may  be  polyliedral 
fnimmutiml  jiresmire,  or  even  columnar;  llieir  iirotuplaam  is  generally 
"wujfied  by  the  materials  which  the  ghmd  aeerctes. 

Kiamples  of  glandular  epithelium  are  to  be  found  in  the  liver  (tig. 
^)i  ill  the  isecreiing  tubes  of  the  kidney,  and  in  the  salivary  (tig.  25) 

|iiBiric  glands* 
kmnnr  c^ntlt^Ainm  (tig.  '^8,  a  and  b)  as  a  single  layer  lines  (a.)  the 
mcouB  membrane  of  the  stomach  and  intestiaes,  from  the   cardiac 


d 


n 


Ftg.aou 


Fi^  ar. 


*J[Jt'18t— Colunifmr  t-pfthflial  edb  fr«JttJi  tlxe  Inl«>Mtliial  riiyciouH  membruue  of  a  cui.    a  and  6, 
■Modtoof  the  lowest  lajj^er;  t,  KUfieiltci^il  Iityer;  d,  ^;obl*?t  ct4k      (C^uliuL.  > 
*^  »,  -Goblet  ceJJUj.     (Klelri- 1 

<Jri5oeof  the  stomach  to  the  anus,  and  (Ix)  wholly  or  in  part  the  ducts 
of  the  glands  opening  on  its  free  fesurfaee;  al^u  (e.)  many  gland-duets  in 
other  regions  of  the  body,  r.r/,,  mammary^  salivary,  etc. 

Columnar  epithelittm  consists  of  cells  which  are  cylindrical  or  pris- 
Wic  ill  form  containing  a  large  oval  nucleus.  They  vary  in  size  and 
ilifl  ta  ft  certain  extent  in  shape;  the  outline  is  often  jugged  aud  irreg- 
^iirfrom  pressure  of  neighboring  colls,  but  one  end  of  the  cell  is  dways 
luimiwcr  than  the  other,  and  by  this  narrower  end  the  cell  is  as  a  rule 
attittihed  to  the  membrane  beneath.  The  intracellular  and  intranuclear 
ii^tworks  are  well  develojjed,  and  in  some  cases  the  spungioplasm  is 
ATTwiged  in  rods  or  longitudinal  striae  at  one  part  of  the  cell,  generally 
lie  alUvched  border,  as  in  some  of  the  cells  of  the  ducts  of  salivary 

This  may  also  be  the  case  with  the  columnar  epithelial  cells  of  the 
alimentary  canal  which  possess  an  apparently  structureless  layer  on 
tlieir  free  surface:  such  a  layer,  appearing  striated  when  viewed  in  sec- 
liuu^  is  termed  the  ** striated  basdar  border*'  (tig.  28,  e). 

The  protoplasm  of  columnar  cells  may  be  vacuolated  and  may  also 
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contain  fat  or  other  substances^  of  which  the  most  likely  is  macinor 
its  antecedent  mucigen,  to  be  seen  in  the  form  of  granules.  It  is  to  ths 
presence  of  mucin  tliat  a  curious  transformation  which  columnar  cdls 
may  undergo  is  due,  and  from  which  the  alteration  in  their  shipe 
whereby  "  goblet-cells  "  are  produced  (fig.  2T)  arises.  These  altered  celh 
are  hardly  ever  evident  in  a  perfectly  fresh  specimen;  but  if  such  a 
specimen  be  watched  for  some  time^  little  knobs  are  seen  gradually  to 
appear  on  the  free  surface  of  the  epithelium  and  are  finally  detached; 
these  consist  of  tlie  cell-contents  wliich  are  discharged  by  the  open 
mouth  of  tlie  goblet,  leaving  the  nucleus  surroundeil  by  the  remains  of 
the  protoplasm  in  its  narrow  stem. 

This  transformation  is  a  normal  process  which  is  continually  going 
on  during  life,  the  discharged  cell-contents  contributing  to  torm  mucuSf 


FIk.  as.— <'n»H8  wvtion  of  a  vHIiis  of  the  int4^tine.  r,  CVilumnar  epitheUtim  with  stri*.' 
bord«r;  y,  Koblet  r**!!,  with  its  iiiiumw  partly  extnwifd:  /,  lviii|)h-cor|mHcl««  between  lhe€»l 
thelial  (•«*n8;  />.  tMu«Hni««iit  iiiHiithraiie;  r,  seotionH  uf  t>I<xxl  capillaries;  m,  sivtioD  of  plain  i 
fibrett;  r.  /,  c<fntral  lai-tHal.     < S<.'hiif»>r. ) 


the  colls  thcmsclvos  being  supposed  in  many  oases  after  discharge  ^ 
recover  their  original  shape. 

Ciliaff'd  rpitln'Hum  consists  of  oella  which  arc  gonorally  cylindricl^ 
in  form  (ligs.  20,  .'{0),  but  may  bo  s]>hor(»i(lal  or  cv«mi  almost  squamous. 

This  form  of  o]>itlielium  linos — (a.)  the  mucous  membrane  of  tb 
respiratory  tract  beginning  just  beyond  tlio  nasal  aperture  and  com 
pletoly  (Covering  the  nasal  passages,  cxco]>t  the  upper  part  to  which  th 
olfactory  nerve  is  distributed,  and  also  tlut  sinuses  and  du(;t8  in  connec 
tion  with  it  and  the  lachrymal  sac;  the  u[>per  surface  of  the  soft  palat> 
and  the  naso- pharynx,  the  Eustachian  lube  and  tym])anum,  the  larynx 
except  over  the  vocal  cords,  to  tlio  finest  sululi visions  of  the  bronchi 
In  part  of  this  tract,  bow«»vor,  tlie  e])i( helium  is  in  several  layers,© 
which  only  the  most  superficial  is  (Mliatcd.  so  tlmt  it  should  more  accu 
rately  be  termed  transitional  (p.  37)  or  stratified,  (b.)  Some  portion 
of  the  generative  apparatus  in  the  male,  viz.,  lining  the  "  vasa  efferentia 
of  the  testicle,  and  their  prolongations  as  far  as  the  lower  end  of  th 
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epfdidymis;  in  the  female  (c.)  coranieti(?i!ig  tibout  Lhcs  middle  of  tlie 
hixkot  the  uteruii,  and  (jxtutidiiig  tliroughout  the  uteruii  aud  Fallopum 
tubes  to  their  fimbriated  extremities,  and  even  for  h  tjliort  distance  on 
the  peritaneiil  surfuce  of  the  hitter,     (d.)  The  vcJitricleH  of  the  bniiu 

V  and  the  central  eanul  of  the  spinal  eord  are  clothed  with  ciliated  epithe- 
Kiimiti  the  child,  but  in  the  udult  this  epithelium  it»  limited  to  the 
fiiiiitnd  canal  of  the  eord.     In  the  embryo  the  [diarynx,  Lesopliagua,  aud 

ijwrtor  the  stomach  may  also  be  lined  with  ciliated  cells,     (e.)  The  ex- 

Uietory  dncts  of  certain  small  glands    in  different  loealities.     (f.)  In 
wrtain  animals,  especiaUy  the  lower  vertebrates,  ciliated  cellt?  line  the 
beginiiinji:  ol  the  tubes  of  ihti  kidneys. 
The  Cilia  are  line  huir-Iike  processes  wldch  give  the  name  to  this 

I  liriety  of  epithelium;  they  vary  a  good  deiil  in  size  in  different  classes 


ilg.39. 


Fie.  'V\. 


^M,Stbt0Kiitial  cW'iaAM  k^Uk  from  th*>  mrmtli  of  i  h«^  fm*,',     >  Him  iltatiiH^'rH.    (Sharfw^y.) 
^i  <". i)t«irdij|iui]£  c**ll*i  wiUj  iiione  Uuui  one  tim<leu,H.     (Uiuliat. ) 


<►/  .inimals,  being  vpry  much  smaller  in   the  higlier  tliun  among  tlie 
iuwer  tinlers,  in  which  they  sometimes  exceed  in  length  the  cell  itself. 

Tlie  number  of  eilia  on  any  one  eel!  ranges  from  ten  to  thirty,  and 
I W^  attached  to  thu  same  cell  are  oftiMi  of  dilTerrnt  lengths,  in  the 
iiirriian  traidiea  measnring  j^f to  ^^*  2 A"  *'^  ^^^^  luch,  but  nearly  ten  times 
'  tii«  length  in  tiie  cells  of  the  eiiididyjnis. 

Tint  cilia  themselves  are  tine  roiunletl  or  Jlaiteiied  processes,  ap par- 
I ''fltly  homogeneous,  poiu ted  toward  their  free  extremities,  Aecording 
IWfome  observers  these  procesisjes  are  i^onnectcd  through  intervening 
IhoMike  Junctions  with  longitudinal  fibres  which  pass  to  tlie  other 
|*ntiof  tlie  cell,  but  which  are  not  connected  with  the  nucleus, 

When  living  ciliated   epithelinm,  f?,//.,  Irutn  the  gill  of  a  mussel,  or 

*ter,  or  from  the  mouth  of  the  frog,  or  from  a  scraping  from  a  polypus 

|ln>m  the  human  nose,  is  examined  under  tlie  microscope  in  a  drop  of 

Wpcr  cent  solution  of  common  salt  {norfnal  ftaline  .w/uti07i),  the  cilia 

imen  to  be  in  constant  rapid  motion,  each  eilium  being  fixed  at  one 

"*id,  ind  swinging  or  lashing  to  and  fro.     The  general  impression  given 
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to  the  4.70  of  the  obserrer  is  yery  Bimilar  to  that  prodaoed  by  wftvei  In 
iield  of  corn,  or  swiftly  ruoning  and  rippling  water,  and  the  result  c 
their  movement  is  to  produce  a  continuous  current  in  a  definite  dim 
tion,  and  this  direction  is  invariably  the  same  on  the  same  surbo 
being  always,  in  the  case  of  a  cavity,  toward  its  external  orifice. 

Ciliary  Motioa.— Ciliary,  which  is  closely  allied  to  amoeboid  an 
muscular  motion,  is  alike  independent  of  the  will,  of  the  direc 
influence  of  the  nervous  system,  and  of  muscular  contraction.  It  ms 
coiitiune  for  several  hours  after  death  or  removal  from  the  body,  pn 
vidud  the  portion  of  tissue  under  examination  be  kept  moist.  Itsiude 
penden('.e  of  tlu'  iiervuus  system  is  shown  also  in  its  occurrence  ii 
the  lowest  invert obratc  animals  apparently  unjirovided  with  anythinj 
analogous  to  a  nervous  system,  in  its  iK>r8istenoe  in  animals  killed  bj 
prussio  acid,  by  narcotic  or  other  poisons,  and  after  the  direct  appli(» 
tion  of  narcotics,  sueli  as  morphia,  opium,  and  belladonna,  to  th( 
ciliary  surface,  or  of  electricity  through  it.  The  vapor  of  chloroforn 
arrests  the  motion;  but  it  is  renewed  on  the  discontinuance  of  th< 
application.  The  movement  ceases  when  the  cilia  are  deprived  0: 
oxygen,  although  it  may  continue  for  a  time  in  the  absence  of  frt 
oxygen,  but  is  revived  on  the  admission  of  this  gas.  Carbonic  acv 
stops  the  movement.  The  contact  of  various  substances,  6.^.,  bile,6tron 
acids,  and  alkalies,  will  stop  the  motion  altogether;  but  this  seems  1 
dei)eTid  chiefly  on  destruction  of  the  delicate  substance  of  which  tl 
cilia  are  cinnposed.  Temperatures  abov(^  45"  C.  and  below  0°  C.  stt 
the  movement,  wiiereas  moderate  heat  and  dilute  alkalies  are  favorab 
to  the  a(^tion  and  revive  tlie  movement  after  temporary  cessation.  Tl 
exact  explanation  of  ciliary  movement  is  not  known;  whatever  may  1 
the  exact  cause,  howev<'r,  at  any  rate  the  movement  must  depend  upC 
some  changes  c:oing  on  in  the  cell  to  which  the  cilia  are  attached,  i 
when  the  latter  are  cut  olT  from  the  cell  the  movement  ceases,  and  whe 
severed  so  that  a  i)orUon  of  the  cilia  are  left  attached  to  the  cell,  tt 
attached  and  not  the  severed  portions  continue  the  movement.  Som 
authorities  consider  it  due  to  actual  contraction  of  tlie  cilia  themselvef 
others  assert  that  it  is  caused  by  ntovemcnts  in  the  cell  protoplasm  actin 
upon  the  rootlets  of  the  cilia.  Schilfer  suggests  a  very  plausible  ei 
planation,  viz.,  that  a  cilium  is  either  a  curved  hollow  extension  of  tli 
cell,  which  is  filled  by  hyaloplasm  and  invested  by  a  delicate  membrane 
or  else  a  straight  one  whose  investing  membnine  is  thicker  (or  otherwis 
less  extensible)  along  one  side  than  along  the  other.  In  either  case 
rhythmic  flowing  of  the  hyaloplasm  into  and  out  of  the  cilium  woul 
cause  its  alternate  flexion  and  extension. 

As  a  special  subdivision  of  ciliary  action  may  be  mentioned  the  motio 
of  spermatozoa,  which  may  bo  regarded  as  cells  with  a  single  cilium. 
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(b)  Transitional  Hpithetium, 

Ttk  term  has  be^n  applied  to  eells,  which  are  neither  arranged  in  a 
single  layer,  as  is  the  case  with  simple  epithelium,  nor  yet  in  many 
superimposed  strata  as  in  kmiimteiLl;  in  other  words,  it  is  employed 
whea  cpitheluil  cells  are  found  in  two,  three,  or  four  superimposed 
layers. 

The  upper  layer  may  be  either  single  columnar,  columnar  ciliated, 
argquamoua*  When  the  upper  layer  is  columnar  or  ciliated  the  second 
Ijiyer  consists  of  smaller  cells  fittud  into  the  inequalities  of  the  cells 
ntwTe  them,  as  in  the  trachea  (tic:.  -^^O^ 

The  epithelium  which  is  met  with  lining  the  urinary  bladder  and 
ureters  is,  however,  the  transitional  par  excellence.     In  this  variety  there 


Fig,  m. 


the  ceVLu  of  tlir  flnst  row;  h,  a  cell  of  the  wcond 


nt.  SI.— EfilUiellimi  of  tiM  bljulder    a^  One  of  tl 
^W;  f, eeUli  l<t  Ht%i^  of  finite  wctmfT,  and  tk«ep<^t  luytTs,    r  OIwth te iin-r. ) 

Fiff,  K.-^TniaaitloiMil  epIllMiliifcl  erlln  frcmi  Uw  mucoiui  nii^mliraDo  of  (hi*  bladder  of  a  rabbit. 
"ll[Hl|  mait^iililed.  a,  Imtk^  fl&u&Dad  cvli  of  HiiperRcleil  lnyer;  a\  BitcUar  ceU  lu  proAle;  £>,  pear- 
*^iH  oell  of  aecoad  layer     (Kleia. ) 

KB  two  or  three  layers  of  cells,  the  upper  being  more  or  less  flattened 

wwrtling  to  the  full  or  colhipaed  condition  of  the  organ,  their  under 
aarface  being  marked  with  one  or  more  depressions,  into  which  the 
l^ads  of  the  next  layer  of  club-shaped  cells  tit.  Between  the  lower  and 
naiTower  parts  of  the  second  row  of  celln  aro  fixed  the  irregular  cells 
which  constitute  the  third  row,  and  in  like  manner  sometimes  a  fourth 
I  W  (fig.  31).  It  can  be  easily  understood,  therefore,  that  if  a  scraping 
of  Ihe  mucous  membrane  of  the  bladder  be  teased,  and  exjimined  under 
the  microscope,  cells  of  a  great  variety  of  forms  may  be  made  out  (fig. 
32).  Each  cell  contains  a  large  nueleua  and  the  larger  and  superficial 
oelli  often  possess  two, 

(c)  Stratified  Epithelium. 

The  term  8tniti6ed  epithelium  is  employed  when  the  cells  forming 
the  epithelium  are  arranged  in  a  considerable  number  of  superimpoeed 
layers.  The  shape  and  nize  uf  the  cells  of  the  different  layers,  as  well 
*8  the  number  of  the  hiycra,  vary  in  ditTerent  situations,     Thna  the 
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superficial  cells  are  as  a  rule  of  the  sqnatQous,  or  scaly  variety, 
deepest  of  the  coluiimar  fomi. 

The  cells  of  the  intermediate  layers  are  of  different  shapes,  b 
of  the  middle  hiyers  iire  more  or  less  rounded.     The  superficial  cellaan 
broad  and  overlap  by  their  edges  (figs.  33  and  34).     Their  cheniical coo 


Fig.  33»— flqimmotw  ft>Stb6liuni  ACtJes  from  Ibe  lurid©  of  the  moath,    X  AW-    <H«nlp-> 

position  is  different  from  that  of  the  underlying  cells,  aa  they  eontfi 
keratin,  and  are  therefore  horny  in  character. 

The  nnclens  is  often   not  npparent     The  really  celliihir  nature 
even  the  dry  and  shrivi'Ued  ecales  cast  otT  from  the  surface  of  the  e| 
dermis  can  be  |vroved  by  tlie  application  of  caustic  potash,  which  catif 
them  mpidly  to  swell  and  assume  their  original  form. 

The  F(|uamou8  cells  exist  in  the  greatest  number  of  layera  in  the  e| 
dermis  or  superficial  part  of  tlie  skin;  the  most  superficial  of  theses 
being  continually  removed  by  friction,  and  new  cells  from  below  supp 
the  place  of  those  east  oil. 

The  intermediate  cells  approach  more  to  the  flat  variety  the  near 
they  are  to  the  i^urfa'"   "^-^  in  the  <^i>lnifinar  as  they  approach  the  lowi 
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Ftif.    SI,— V»*rticnl   ni^rtinn  of    Ihf*  dtratiHiHi   npilbeliiun  t^DTt^rini;  the  front  of  tlii^  can 
Jf,  11iitt«iiodi  eollH  near  Ua^  nurfaoo.    Thta  inUorct^Uiiliir  chatiuelM,  Ijrld^edbjr  mitiytu  celi  {>rocCiB 

layer.  There  may  be  considerable  intercellular  intervals;  and  in  ma 
of  the  deeper  layers  of  epit helium  in  the  mouth  au<I  skin,  the  outline 
the  cells  is  very  irregular,  in  consequence  of  processes  passing  from  o 
to  cell  across  these  intervals. 

Such  cells  {fig,  35)  are  termed  "ridge  and  furrow,"  " cogged " 
*^  prickle ""  cells.  These  '*  prickles  **  are  prolongationp  of  the  intraceUu 
network  whieb  run  across  from  cell  to  cell,  thus  joining  them  togeth 
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the  mterstices  being  filled  by  the  traosparent  intercellular  cement-eub- 
iteQce,  When  this  increases  in  quantity  in  inflammation  the  cells  are 
pusW  farther  apart,  and  the  connecting  fibrils  or  *' prickles  *'  elongated 
and  therefore  more  clearly  visible, 

Theeolumniir  cells  of  the  deepest  layer  are  distinctly  nucleated;  they 
multiply  rapidly  by  Llivision;  and  as  new  cells  are  formed  beneath,  they 
press  the  older  cells  forward  to  be  in  turn  pressed  forward  themselves 
toward  the  surface,  gradually  altering  in  shape  and  ehemical  composition 
until  they  are  east  ofT  from  tlie  surface. 

Stnitified  epithelium  is  found  in  the  following  situations:  (1.)  Form- 
ing the  epidermis,  coTering  the  whole  of  the  external  surface  of  the  body; 

iCoTering  the  mucous  menilinme  of  the  nose,  tongue,  mouth,  pharjTix, 

;  CBaophagus;  (3.)  As  the  conjunctival  epitbeliumj  covering  the  cor- 
(i)  Lining  the  vagina  and  the  vaginal  part  of  the  cervix  uteri. 


W^igX»d  oeUfl  trom  the  mirldlp  ]ayer»  of  |wivt*m*»tit  epUhe-lluni,  from  a  Tertleal  tectioii  of  tlia 
j2:uni  of  a  ueW'bRirn  Jufant.    (Ktetn  j 

Functions  of  Epithelium.— According  to  function,  epithelial  cells 
•^aj  be  classiJied  as:  (1.)  Proleciive,  e.fjf.,  in  the  skin,  mouth,  blood- 
Tettek,  etc,  {%,)  Proteciire  and  wiortw^^— ciliated  epithelium.  (3.) 
^^rding — glandular  epithelium;  or,  Secreting  formed  elements — epi- 
tteliomof  testicle  secreting  spermatozoa,  (4,)  Fruierlive  and  secreiiHg^ 
'i/.,  epithelium  of  intestine.  (5)  Sensorial,  e.g.,  olfactory  cells,  rods  and 
ccries  of  retina,  organ  of  Corti. 

Epitbelium  forms  a  continuous  smooth  investment  over  the  whole 
j  My>  being  thickened  into  a  hard,  horny  tissue  at  the  points  most  ex- 
I  posed  to  pressure,  and  developiug  various  appendages,  such  as  hairs  and 
I iiailg,  wliOf»e  structure  and  fiuictioim  will  be  ennyidercd  in  a  future  chaptei* 
ppitbehum  lines  also  the  sensorial  surfaces  of  the  eye,  ear,  nose,  and 
'mouth,  and  thus  serves  as  the  medium  tlirough  which  all  impressioni 
from  the  external  w^orld — tonclu  smell,  ta^tc,  sight,  hearing— reach  tlio 
delicate  nerve  endings,  whence  they  are  conveyed  to  the  brain. 

The  ciliated  epithelium  which  lines  the  air-paesages  serves  not  only 
M»  protective  investment,  but  also  by  the  movements  of  its  cilia  pro- 
motes currents  of  the  air  in  the  bronchi  aTid  bronchia,  and  is  enabled  to 
pfopel  fluids  and  minute  particles  of  solid  matter  so  as  to  aid  thi^ir  ox- 
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pulsion  from  the  body.  In  the  case  of  the  Fallopian  tnbe,  ibiM  agOMf 
aiaiats  the  progress  of  the  oTum  toward  the  oarity  of  the  uterus.  Of  Hit 
purposes  served  by  cilia  in  the  ventricles  of  the  brain  nothing  is  knowBi 

The  opithelinm  of  the  various  glands^  and  of  the  whole  iniestiml 
tract,  has  the  power  of  secretion,  i.e.,  of  chemically  transforming  oertiin 
materials  of  the  blood ;  in  the  case  of  mucus  and  saliva  this  has  bM 
proved  to  involve  the  transformation  of  the  epithelial  cells  themsdns; 
the  cell-substance  of  the  epithelial  cells  of  the  intestine  being  dischirgod 
by  the  rupture  of  their  envelopes,  as  mucus. 

Epithelium  is  likewise  concerned  in  the  processes  of  transndsiioa 
diffusion,  and  absorption. 

It  is  constantly  being  shed  at  the  free  surface  and  reproduced  in  tlH 
deeper  layers.  The  various  stages  of  its  growth  and  development  oii 
be  well  seen  in  a  section  of  uny  laminated  epithelium  such  as  the  epidermis 

II.  The  Connective  Tissues. 

This  group  of  tissues  forms  the  Skeleton  with  its  various  connection! 
— bones,  cartilages, and  ligaments— and  also  affords  a  supporting  frame- 
work and  investment  to  the  various  organs  composed  of  nervous,  mus- 
cular, and  glandula^r  tissue.  Its  chief  function  is  the  mechanical  one  oi 
support,  and  for  this  purpose  it  is  so  intimately  interwoven  with  nearl] 
all  the  textures  of  the  body  that  if  all  other  tissues  could  be  removed 
and  the  connective  tissues  left,  we  should  have  a  wonderfully  exact  mode 
of  almost  every  organ  and  tissue  in  the  body,  correct  even  to  the  smaD 
est  minutiffi  of  structure. 

Structure  of  Corinective  Tissues  in  General. 

Connective  tissue  is  made  up  of  two  chief  elements,  namely,  ceH 
and  intercellular  substance. 

(A.)  Cells. — The  cells  are  of  two  kinds: 

(a.)  Fixed  Cells, — Tlicso  are  of  a  flattened  shape,  with  branched  pn 
cesses,  which  are  often  united  togctlier  to  form  a  network :  they  can  I 
most  readily  observed  in  the  cornea,  in  whicli  they  are  arranged,  lay< 
above  layer,  parallel  to  the  free  surface.  They  lie  in  spaces  in  the  inte 
cellular  or  ground  substjince,  which  are  of  tlie  same  shape  as  the  eel 
they  contain,  but  rather  hirger,  and  whicli  form  by  anastomosis  a  syste 
of  branching  canals  freely  communicating  (fig.  3G). 

To  this  class  of  cells  belong  the  flattened  tendon  corpuscles  whi< 
are  arranged  in  long  lines  or  rows  parallel  to  the  fibres  (fig.  42). 

These  branched  cells,  in  certain  situations,  contain  a  number  of  pi 
ment  granules,  giving  them  a  dark  appearance;  they  form  one  varie 
of  pigment  cell.  Branched  pigment  cells  of  this  kind  are  found  in  tl 
outer  layers  of  the  choroid  (fig.  37).    In  many  of  the  lower  animal 
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nob  AS  the  frog,  tkey  are  found  widely  distributed,  not  only  in  the 
skill,  but  also  in  internal  piirts,  c.^r.,  the  mesentery  and  skmtlis  of  blood- 
thmIa.  Ill  the  web  of  the  fro|f'8  foot  »ncb  cells  may  be  seen  with  pig- 
iMiit  gmnules  evenly  distributed  throughout  the  body  of  the  cell  and 
ita processed;  but  under  the  iiction  of  light,  electrit-ity,  nnd  other  etim- 
Blithe  pigment  griiniiles  become  niu^ssed  in  the  body  of  the  cell*  loiiving 
lb  prooefiaeg  quite  hyaline;  if  tlie  stimulus  be  removed,  Uiey  will  gritd- 
tollyhe  distributed  ugjiin  throughout  the  processes.  Thus  the  skin  in 
tkefrogis  80 rae times  nnifornily  dusky,  and  sometimet^  quite  light-eolored, 
with  ijjobtod  diirk  spots.  In  the  choroid  und  retina  the  pigment  cells 
nbsorb  tight. 

(k)  Amcfboid  Celh^  of  an  approximutely  spherical  shape;  tJiey  have 
t  greal  general  resemblance  io  color lofis  blood^r-orpusele^,  with  whieh 


_  ^  Hr.  1— BotiiophU  prQ|MinUon  of  the  of>rn««  of  fnic.  ataintHl  in  ijold  chloride;  tiiowLnif  the 
'■gtis  or  brBocbod  eomcA  corpij«cles.    The  gn^und  miltsuiDce  ia  cnoiplcstelj  ootorliMi.     <  <4itjo. 

some  of  them  are  probably  iclentical.  They  consist  of  finely  granular 
nu(?letvted  protoplasm,  and  have  the  property,  not  only  of  changing  their 
form  but  also  nf  moving  about,  hence  they  art'  termed  miffntiartf,  Tiiey 
ire  readily  distingursljcd  from  the  branched  con neetive- tissue  corprisclrs 
by  tiieir  free  condition,  and  the  absence  of  processes.  Home  are  much 
Ufger  than  others,  and  arc  found  especially  in  tfio  sttblingual  glund  of 
I  the  dog  and  gninoa*pig,  and  in  the  niucons  membrane  of  the  intestine. 
A  second  variety  of  these  cells  called  plasma  a'ils  are  larger  than  the 
iiDQ^boid  cells,  apparen  tly  granular,  less  a<^ti ve  in  their  movements.  They 
w^  chiefly  to  he  found  in  the  inter-muscnlar  septa,  in  the  mucous  and 
wb-mucoug  couts  of  the  intestine,  in  lymphatic  glands,  and  in  the  omen- 
tum. 

(B.)  Intercellular  Substance.— This  may  he  fihrtifar,  as  in  the 
fibrous  tissues,  and  in  certiiin  varieties  of  cartilage;  or  homoffeneou-^,  as 
fa  hyaline  cartilage. 


Fig.  88. 
Fie,  37.^ItaiTit(le>d  plgmeot  eelta  from  the  Umue  of  the  choroid  cctAt  of  the  ey«.    X  SW-   o^  d 

Ffg, !».— Flat,  pif^it-ntfcf*  bmiiehetl  *-tmntM'tive-tii*wie  c^l]n  tmrn  tJifl  «heath  of  a  laiige  blot 
.j«elof  tbo  fro8:'siJi43»eat«'ry:  the  piiicnif^nt  in  liot  diKlnibiitiil  iiiilfonrily  tiirougbmit  tbefculattii 
Ckf  tike  laTKer  cell,  oaojutpqueully  Hinne  ^t&rt»  ut  it  t^Mik  tt]m-kf  r  than  oUin^rA  (utioointnictcKl  stitch  I 
t£a  two  smaller  i^la  mcwt  of  (lie  pif^mtnit  in  whii«lrawii  iiitj>  thf^  ei^tl-liodjr,  »u  tliat  thi^  aifi) 
amaller,  blacker,  and  leu  bmnrhed,     >:  350.    t  iKltMn  ainJ  NoL^lt^  Kmith.)  , 

Fi|?.  ao.^FibrtiuH  tlfisuo  of  ecimea^  ahtimitiK  htimllefl  of  abrt«  with  a  few  scattered  fniifanDOi 
Cl)  lylnj?  io  the  InUT-faacicular  spaoHM,     x  4<>0,     (KJt^in  and  Noble  Smith.) 


rangement  (fig.  30),  or  may  produee  f|uito  a  felted  texture  by  their  int<( 
lucement.  The  iiidivicliiul  fibres  rom posing  tliese  faeciculi  are  exceeding 
fine,  varying  from  Tirl-m  to  rfffurn  '^^^*'K  ^^^-j  uAnr  *»  j^ww  min.,    or 0.5 1 

t/t,  homogeneous,  unhrim€hed,  and  of  ti 
same  tliitmotcr  throughout.  They  can  readi 
be  ifiokted  by  macenitiug  a  portion  of  wld 
fibrous  tissue  {e,g*t  a  small  piece  of  tendot 
for  a  short  time  in  lime,  or  baryta-water,  ^ 
in  a  solution  of  common  Biilt,  or  of  potasaiii 
permanganate:  these  reagents  possess  ^ 
power  of  dissolving  the  cementing  int( 
fibrillfir  substanee  and  of  thus  separating  tl 
fibres  from  eaeli  other.  By  prolonged  bd 
iug  the  fibres  yioki  gelaiin, 

{h,)  Velhw  J^ld^fir  Fff»rer^  (fig.  40)  are 
all  sizes,  from  exeossively  fine  fibrils,  ^^i- 
inch,  up  to  fibres  of  considemble  thickno 
ro^iTo  i'*<^h  ('-^'j  from  about  lu  to  6/i):  th 
are  distinguished  from  while  fibres  by  H 
following  characters:  (L)  Their  great  poU 
of  resistance  even  to  the  prolonged  action  of  chemical  reagents,  b^^ 
caustic  soda,  acetic  acid,  etc.     (2.)  Their  well-defined   outlines. 


T\fK  40.-EUii*tkr  fihretfrom 
thaUKiimeutasiubtlaifa.  x  800. 
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Their  great  tendency  to  branch  and  to  form  networks  by  anastomosis. 
(4.)  Their  twisted  corkscrew-like  appearance,  and  that  their  free  ends 
usually  curl  up.  (5.)  Their  yellowish  tint  and  considerable  elasticity. 
(6.)  Their  resistance  to  hsematoxylin  and  similar  reagents,  and  their 
iSmij  for  magenta  and  other  aniline  staining  colors. 

These  fibres  yield  on  boiling  not  gelatin,  but  a  gelatinous  substance 
eaUed  tbutin. 

Theohief  yarieties  of  connective  tissues  may  be  thus  classified: 

L  n$  FSnvus  Connective  Tissues. 
tw-Chief  Farms. 

a.  White  fibrous. 

b.  Elastic. 
e.  Areolar. 

B. — Special  Varieties. 

a.  Gelatinous. 

b.  Adenoid  or  Retiform. 

c.  Adipose. 

II.  Cartilage. 

III.  Bone  and  dentine. 

I.  Fibrous  Connective  Tissues. 

k,—C1nefForws.—{a.)  White  Fibrous  Tissue. 

Di>t1rihuti(nL — It  is  found  typically  in  tendon;  also  in  ligaments,  in 
the  periosteum  and  perichondrium,  the  dura  mater,  the  pericardium, 
the  sclerotic  coat  of  the  eye,  the  fibrous  sheath  of  the  testicle;  in  the 
fascijB  and  aponeuroses  of  muscles,  and  in  the  sheaths  of  lymphatic 
glands. 

Htrucixive. — To  the  naked  eye  tendons  and  many  of  the  fibrous 
membranes,  when  in  a  fresh  state,  present  an  appearance  as  of  watered 
silk.  This  is  due  to  the  arrangement  of  the  fibres  in  wavy  parallel  bun- 
dles. Under  the  microscope  the  tissue  appears  to  consist  of  long,  often 
parallel,  bundles  of  fibres  of  different  sizes.  The  fibres  of  the  same  bun- 
dle now  and  then  intersect  each  other.  The  cells  in  tendons  (fig.  42) 
are  amiriged  in  long  chains  in  the  ground  substance  separating  the  bun- 
dles of  fibres,  and  are  more  or  less  regularly  quadrilatenil  with  large 
round  nuclei  containing  nucleoli,  which  are  generally  j)laced  so  as  to  be 
contiguous  in  two  cells.  Each  of  these  cells  consist  of  a  thick  body, 
from  which  processes  pass  in  various  directions  into,  and  partially  fill 
Dp  the  spaces  between,  the  bundles  of  fibres.  The  rows  of  cells  are 
separated  from  one  another  by  lines  of  cement  substance.  The  cell 
spaces  can  be  brought  into  view  by  silver  nitrate.     The  cells  are  gener- 
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ally  marked  by  one  or  moro  lines  or  stripet  when  Tiewed  longitndinallj. 
This  appearftiice  re  really  produced  by  the  wing*like  prooe6§ee  of  tk 
cell  which  project  away  from  the  cliief  part  of  the  cell  in  different  di 
rections.  These  proceateg  not  being  in  the  game  plane  as  the  bcxij  ol 
the  cell  are  out  of  foeud  and  give  rige  to  these  bright  stripes  are  lookei 
at  from  above  and  are  in  focus. 

The  branched  character  of  the  cells  is  seen  iu  transverse  secticfn  i 
fig.  43. 

(h)  Yellow  Elastic  Tissue. 

Disfrihutum.— In  the  ligiinientum  nnchap  of  the  ox,  horse,  and  man; 
other  animals;  in  the  ligamenta  siibflava  of  man;  in  the  arterieSiCo: 
Btittitiog  the  fenestrated  coat  of  Henle;  in  veins;  in  the  Inngs  andtitt^ 


^  ii  ( i\ 


Flif.  4L 


Flg.«. 


Fig.  41.— Mutun^  wUlt*^  flbrmis  tifmu^  of  t*?iidfiii,  cnnnifltlnjf  mdltily  of  nbre«  with  a  tew 
tudiorm  oella,    iHtiiv  leer.  > 

Fig,  45l»— CawliiJ  tt*udoti  of  yoimg  rat.  Hhowlng  the  arrangemetit,  form,  and  fltnicture  df 
t«iail<^  oalU.    XSUO.    (KleJti.7 

chea;  in  the  stylo-hyoiil,  thyro-hyoid,  and  crico-thyroid  ligaments; 
thf^  truo  vocal  chorda;  and  in  areolar  tisRuo. 

Sfrnciure. — Ehistic  tissrio  occurs  in  various  forms,  from  a  structurf 
leas,  elftstin  membrane  to  a  tisaue  whose  chief  conatituents  are  bundle 
of  fibres  erosHin*^^  each  oilier  at  dilTercTit  anglr»B;  when  seen  in  bundl 
eluBtic  librcfl  arc  ycllowJBh  in  color,  but.  individoul  fibres  arc  not  so  dll 
tinctly  colored.     The  varieties  of  the  tissue  may  be  classified  as  follow! 

(a.)  Fine  clastic  fibrils,  which  branch  and  anaatoraoae  to  form  a  ne< 
work:  this  variety  of  elastic  tissue  occurs  chiefly  iu  the  skin  and  mucott 
membranes,  in  subcutaneous  and  submucoue  tissue,  in  the  lungs 
true  voeal  cordB, 

(k)  Thick  fibres,  sometimes  cylindrical,  sometimes  flattened  Ul 
tape,  which  brancb,  annatomose  and  form  a  network:  these  are  sei 
molt  typically  in  the  liganieuta  iubfiava  and  also  in  the  ligamenta 
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\oi  such  aiilmals  as  the  ox  imd  horse^  in  whiefi  tlmt  ligament  is 
JvpAj  dfiTeloped  (Jig.  40). 

(c)  Eliiitic  membranes  with  perforations,  e.g.,  llenla'e  feuestnited 
ttbnine;  this  yariety  is  found  chiuily  in  the  arteriBfi  and  veins. 
(d.)  Continuous,  lioniogenouB  *u4aBtic  nienibranuti,  t.//.,  Buwnian's  an- 
lior  elastic  lamimi  and  Desceiuet's  posterior  elastic  luiniiia,  both  in  the 

A  certain  number  of  Eattoned  eonnectiv^-tis^uu  colls  are  found  in 
ground  aubstance  between  tJie  elflstic  fibred  whicli  nxiiko  up  this 
jty  of  connective  tissue. 

(€.)  Areolar  Tissue. 

DUinbuiiou. — Tim  variety  of  fibrous  tissue  has  a  very  wide  distribu- 
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'.49,—TrA<'  I'lii  ^►f  tension  from  n  crow  necHoii  of  tb^  tail  of  a  rabhil,  uhowlnu 

mai  y  rtiiicheil  cinmei'tivt^  tljittUe  i'orpui*ele*.    Tht*  H|moes  left  wtiile  in   tlit* 

.  4C— TlBH&wr^  accUoo  of  u  portion  of  11^?.  uudui^,  showing  the  outline  of  the  aimas.    (,Mter 


liiiA  and  couatatutea  the  subcutaneous^  subserous,  and  submucous  tissue* 

IOb  found  in  the  mucous  membranes,  in  the  true  Bkin,and  in  the  outer 

'  iheaths  of  the  blood-vessels.     It  forms  sheatlis  for  muscles,  nerves,  glands, 

and  the  internal  organs,  and  penetrating  into  their  interior,  supports 

and  s  the  finest  parts. 

.^  /''. — To  the  naked  eye  it  appears,  when  stretched  out,  as  a 

Seecy,  white,  and  soft  meshwork  of  fine  fibrils,  with  here  and  there  wider 
iliiis  joining  in  it,  the  whole  tissue  being  evidently  elastic.  The  open* 
ness  of  the  meshwork  varies  with  the  locality  from  which  the  specimen 
is  tnkem  Under  the  microscope  it  is  found  to  be  made  up  of  fine  white 
fihree,  which  interlace  in  a  most  irregular  manner,  together  with  a  vari- 
able iiumber  of  elastic  fibres.  On  thu  jiddition  vt  acetic  acid,  the  white 
libf^  fiwell  up,  and  become  gelatinous  in  appearance;  but  as  the  elastic 
ibraa  reaiat  the  action  of  the  acid^  they  may  still  be  seen  arranged  in 


Tartous  directions,  Bometimes  appearing  to  pass  in  a  more  or  U 

or  spind  niuuuer  round  a  small  gelatinoua  mnas  of  changed 
The  cells  of  areolar  tissuea  are  connective- tissue  corpuscles, 
sist  of  several  varitsties:  branched,  flattened  cells  which  coi 
each  other;  flattened  cells  which  do  not  branch;  plasma^ 
ing  cells  from  the  blood;  and  sometinics  ])igmeiit  cella^  a^  in 
of  the  eye.  The  various  elements  are  held  together  bj  cetneni  i 
penetrated  by  irregular  canals  carrying  lymph, 

B.— Special  Form^i  (>'*)  Gelatinous  Tissue. 

Distrihution^ — Gelathicius  coiiueclive  tissue  forms  ihf»  chi 
the  bodies  uf  jelly-§sh^  it  is  found  in  many  parta  of  the  hui 


PiK 


Flj?.  46. 


Fiir.  4fi.— lluooiiiflOoiiiMicUv«  tlNsue  fmiii  l\w  (iitibllical  vord.    o,  V-aW&i  tt.  HbriK 
FljT  4fi,-  Pari  of  ntir>ctJofi  of  n  [ymithnUr  i^lnml,  fnmi  wbk'li  tlit^  i'i*rt»u«clt»  Uavp  L 

but  remains  in  the  adult  only  in  the  vitreous  humor  of  thoeye 

he  bi^st  81't'n  ill  tbr  bLst-nanicd  situnUtMi,  in  tb**  **  Wlnirtuniun  j 
the  nrnljiliral  cord,  and  in  tin*  onunii'l  urguu  of  dt'VL'h»piiig  teeth 
Sfrtnitire, — It  consists  of  eells,  which  in  tlie  vitreous  bii 
rounded,  and  in  the  jelly  of  1  !ie  enamel  ori^^an  are  stellate,  imbt 
a  8oft  jtdly-like  inter-eidlular  snb^tiince  which  fMnns  the  hnlN 
tiftflue,  and  which  contains  a  considemble  quantity  of  mucin, 
umbilicid  cord^  that  part  nf  the  jtdly  immedhitely  surrounding 
bite  cells  shown  nuirks  of  olispiire  (thrillatioii  {(i^.  4ri). 

(h. )  Adenoid,  th  is  is  also  called  reiifornK  ! lymphoid  or  lffmpha(\ 

DiHlrihntiaii. — This  variety  of  tissue  makes  \\\\  the  stroma  of  tli 

and  lymphatic  ghmds,  and  is  fcmnd  alno  in  tiie  thymus,  in  the 

in  the  fullieolar  <^dands  of  the  toii^ue^  in  Peyer*s  patches,  and  in 

itary  glands  of  the  intestines,  and  in  the  mucous  memhmnoe  g< 
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Structure. — Adenoid  or  retilorm  tissue  consists  of  a  very  delicate 
network  of  minute  fibrils,  formed  originullj  by  the  union  of  processes 
of  branched  connective-tissue  corpuscles,  the  nuclei  of  which,  however, 
ire  risible  only  during  the  early  periods  of  development  of  the   tissue 
(fig.  40).     Tbe  network  of  fibrils  is  coneeitled  by  being  covered  with 
Mteoed   connective-tissue  corpuscles,   which  mfvy  be  readily  dissolved 
in  caustic  potash,  leaving  the  network  bare.     The  network  consists  of 
|ite  fibres,  the  interstices  of  which  are  lilled  with  lymph  eorpuscles. 
> cement  subsUince  of  adenoid  tissue  is  very  fluid. 
Sornt  authors  make  a  distinction  Ij+itwcen  retifnrzn  and  adenoid  tis- 
,  the  former  being  the  meshwurk,  and  tlie  hitler  the  metihwork  with 
Icontained  lymph  cells. 
Development  of  Fibrous  Tissues. — In  the  embryo  the  pluce  of 
ih  fibrous  tissues  is  at  Orst  aecupied  by  ii  muss  of  roundish  cells,  de- 
rived from  the  **  mesol>hist/' 


%.  ^T.^Portiou  of  siihiiiiitvmA  riiia<iie  of  ^Mriivld  iit<*rns  of  w>w.    a,  Unwu^befl  celk,  mofft  or  Iras 
8).)iiiidk'^m]i4>4;  t\  biinillrHof  etiiiuHuLivi^  fi^vsiii^.    iKU'iii.  i 

These  develop  either  into  a  network  of  branched  cells  or  into  groups 
of  fiiHifonn  cells  (fig.  47). 

The  cells  ure  imbedded  in  a  semi-fluid  iilbnminous  subst4inco  derived 

either  fnun  the  cells  tiiemselves  or  from  tbe  mrigbboring  blood-vcKsela; 

UiMiifterwiird  forms  tlir  cement  substance.     In  it  Jibres  iire  developed, 

I  either  by  some  of  the  cells  becoming  fibrils,  the  others  rrnniining  iis  con- 

I  ttertive^tissue  rf>rpuscle8,  or  by  the  lifirils  beiug  devebipcd  from  tbe  nut- 

Uide  byers  of  the  protopbtsm  <*f  the  cclbs,  wbii-h  grow  up  iigiiin  to  their 

[orii^nal  size  and  rennun  iuibedded  uuioug  the  fibres.     Tbe  process  gives 

j ri*e  to  fibres  iirnuiged   in  Uu*  one  t-jiwe  in   inlrrhicing  networks  (areolar 

llisnu©)*  in  the  other  in  parallel  bundles  (white  tibrons  tissue).     In  the 

[iRAtare  forms  of  purely  fibrous  tissue  not  only  the  remnants  of  the  celU 

uice,  hut  even  the  nuclei,  may  di8a]>pi'ar.     The  eu}l>ryonic  tissue, 

which  t*luMtir  filings  are  developed,  is  coinpfjsnl  of  fiifiifurm  cells, 

a  irtmctureless  in  tercel  lubtr  substiuice  by  the  gradual  Gbrillatifoi  ui 

rhich  eht.«tic  fibres  are  formed.     Tbe  fiisifurm  *^ells  dwinille  in  size  and 

eTeutually  disappear  so  completely  that  in  nuitiire  oliistic  tissue  hardly 

L  Imce  of  them  is  to  be  found :  meanwhile  tlie  elastic  fibres  steadily  in- 
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Another  theory  of  the  development  of  the  connectiTe-ttaiitt  fiirSl 
stippuHes  tliHt  tliey  lirise  from  depodita  in  the  intercellultir  subeta&et iDl 
not  frtnii  Lilt'  cells  tluMnsi'lvi^g;  these  deposits,  in  the  case  of  elastic  fibr«, 
upfjeiiring  lirst  of  ull  in  the  form  of  rows  of  grunul^s,  which,  joining  to- 
gt^thur,  form  long  tibrils.  It  84»em8  probuble  that  e?en  if  thisrieirbe 
curruct,  iho  cM&  thtmselves  have  u  considerable  inflnex^oe  Ib  Ibepi^ 
duetion  uf  tho  ilopoiiitij  outuid©  them* 

Functions  of  Areolar  and  Fibrous  Tissue.— The  main  functkn 
of  furiiR'ctivt*  tissue  is  mochunical  rather  than  vitul :  it  fulUls  tli#SDbnA- , 
iury  but  importiiut  use  of  supporting  tiud  uorjiiecting  the  various  tisues  i 
uud  ofgtinB  of  the  body. 

In  gluiid-s  ilie  tniljeeube  of  connective  tissue  form  an  ml*  iviitid 
framework  in  which  the  pttrenehyma  or  secreting g'hind-tissae iis  l(ni^'t.il: 
in  niuseles  and  nerves  the  septa  of  eoniiecti>'e  tissue  support  the  bundhi 
of  fihrcH  which  form  the  essential  part  of  the  structure. 

EliUatio  iistjue,  by  virtue  of  its  elasticity,  hiis  other  important  iifids: 


Fllf,  la—OTfllnan^  fal  vella  of  a.  fat  tract  in  iJio  omenlmn  of  A  fWU    OOellL) 

thest?,  iigjun,  are  mechitiiieal  ntther  than  vitiil.  Thus  the  ligiimentumj 
nuf;h«3  of  the  horse  or  ox  acts  very  much  us  im  India-rubber  band  in  tha 
sunie  poijiilion  would;  beiu^j;  stretched  wlion  the  head  is  lowered  for] 
feeding  or  other  jHirposes  i4U{i  aiding  the  niuscleB  niuterially  afterward  I 
by  its  contraction,  in  raising  the  huad  to  its  normal  position  aud  keeping] 
it  there, 

(t.)  Adipose  Tissue. 

Disirifmtitm,— In  almost  all  regions  of  the  human  body  a  larger  of] 
smaller  quantity  of  adipose  or  fatty  tissue  is  present;  the  chief  excep-j 
lions  being  the  subcutaneous  tissue  of  the  eyelids,  penis,  and  scrotumij 
the  nyrnpliie,  and  the  cavity  of  the  cranium.  Adipose  Hssiie  is  also  ab8enl| 
from  the  substance  of  many  organs,  as  the  lungs,  liver,  and  others* 

Fatty  mutter,  hut  not  in  the  form  of  a  distinct  tissue,  is  also  widel)! 
present  in  the  body^  e,(/*,  in  the  liver  and  brain,  and  in  the  blood 
chyle. 

Adipose  tissue  is  almost  always  found  seated  in  areolar  tissu©,  i 
forms  in  its  meshes  little  masses  of  unequal  size  and  irregular  shape^  t0| 
whiab  the  term  lobuhs  m  commonly  applied. 
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Structure, — Under  the  microscope  adipose  tissue  ig  found  to  oonsiat 
effleiitiallj  of  little  vesicles  or  cells  which  present  dark,  sharply-defined 
€dgee  when  viewed  with  transmitted  light:  they  arc  about  ^-J-g-  or  -jj^  of 
in  inch  in  diameter,  each  consisting  of  a  structureless  and  colorJess 
membrane  or  bag  formed  of  the  remains  of  the  original  protoplasm  of 
the  cell,  filled  with  fatty  matter,  whicli  is  liquid  during  life,  but  in  part 
Solidified  after  deiith  (fig*  48)*  A  oucleus  is  ^ilwaye  present  in  some  part 
Of  other  of  the  cell-protoplasm,  but  in  the  ordinary  condition  of  the  cell 
it  is  not  easily  or  always  visible  (fig*  49). 

This  membrane  and  the  nuclens  can  generally  be  brought  into  view 

bjr staining  the  tissue:  it  can  be  titill  more  satisfactorily  demonstrated 

tyeitracting  the  contents  of  the  fat-c€41s  with  ether,  whe^n  the  shrunken, 

.  fihri?elled   membranes   remain    behind.     By  mutual  presaurej  fat-cells 


/> 


fig.  49.— Group  of  fat  oella  (f  c)  with  capttlary  TefiseUi  (c).    CNoble  Smfth.^ 

come  to  assume  a  polyhedral  figure  (fig,  49).  When  stained  with  osmic 
»cid  fat-cells  appear  black. 

[The  ultimate  cells  are  held  together  by  capillary  blood-vessels  (fig. 
60) J  while  the  little  clnsters  thns  formed  are  grouped  into  small  masses. 
And  held  so,  in  most  cases^  by  areolar  tissue. 
The  oily  matter  contained  in  the  cells  is  composed  chiefly  of  the 
fomponnds  of  fatty  acids  with  glycerin,  which  are  named  olehiy  siearin^ 
•nd  pal  mil  in, 

DeFelopment  of  Adipose  Tissue*— Fat  cells  are  developed  from 
eonneetii^e-tissue  corpuscles:  in  the  infra-orbital  connective-tiseue  cells 
.JBAV  be  found  exhibiting  every  intermediate  gradation  between  an  ordi- 
branched  connective-tissue  corpuscle  and   mature  fat-cell.     The 
I  of  development  is  as  follows:  a  few  small  drops  of  oil  make  their 
ace  in  the  protoplasm  and  by  tlieir  confluence  a  larger  drop  is 
produced  (fig.  51):  this  gradually  increases  in  size  at  the  expense  of  the 

I  original  protoplasm  of  the  cell,  which  becomes  correspondingly  dimin* 
itfaed  in  quantity  till  in  the  mature  cell  it  only  forms  a  thin  crescentic 
L 


so 
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film»  clofiely  pressed  against  the  cell-wall »  and  with  a  nucleus  irobeddeJ 

in  its  subetance  (figs.  4H  and  4^). 

Under  certain  circnmstanres  this  process  may  be  reveyaeJ  and  fit* 

oells  may  be  changed  back  into  connective-tissue  corpuscles. 

Vessels  and  NerTts. 
— A  large  number  of  blood' 
Tessek  are  found  in  adipoii 
tiasae,  which  subdivide  oo* 
til  each  lobule  of  fat  coD' 
tains  a  fine  meshwork  of 
capillaries  ensheathing  eadi 
individual  fat^globule  ( 
50).  Although  nerve  fibrei 
pasa  through  the  ti8BiiS|]k9 
nerves  have  been  demon- 
strated to  terminate  in  it. 
The  Uses  of  Adipo! 
Tissue.— Among  the  i« 
of  adipose  tissue  these  i 
the  chief:— 

a.  It  serves  as  a  store  o* 
combustible  matter  which 
may  be  reabsorbed  into  ibe 

blood  when  occasion  requires,  and,  being  used  up  in  the  metabolifiui  of 

the  tissues^  may  help  to  preserve  the  heat  of  the  body, 


FIfr.  M),-  BIniHJ-Tanels  i>f  ftillT»o«e  tissue,     i 
lcii»^  fiit-lohult?,  tn  wtikh  Uie  vtMiiiel*  only  are  reprvtienled. 
rt,  TfH*  tennliial  artery;  i\  ilii?  pHmlKvH  v^?ln ;  K  lb*>  f»i- 

X  mi    II,  Pluiiuf  th«trnui|i«*mt*nt  irf  ihe  rji|ilUiirlr:S  <f  ►on 
tbe  «*xter1oT  of  tlMJ  ywiclei ;  moiv  tilgbly  umtrnlfkiJ.    Maiid 


Fig.  51.— A  lobule  of  developing  adtpoce  tlntie  fmm  an  eljrht  months'  ftstua.  a,  Bpliefle*!  oi 
irom  prensure,  poly  tietlml  ct^Mn  with  large  oeatral  nueleuii,  Burrounded  by  m  fitiely  raUculfttt^i  ^ib 
■tanee  staining  uniformlr  with  bjBmBtozjrUQ.  fr.  Similar  cells  with  spaces  from  which  th»^  '  • 
been  remored liy'  oil  of  cloveti.  c,  61nc;$lar  oellii  sbowloz  bow  the  nucknia  with  lncln«ki^  ptv  >r 
li  beln«  preated  toward  periphery,  d,  NtioleufoCetidotlieUum  of  iareatlnjr capillaries.  (««*  » r 
Dfawilby  Tnmm. 

Fig,  as,— Braodted  connective  tissue  oorpuadeSi  developing  Into  fatK^ells,    (Klein.) 
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k  That  part  of  the  fat  whicli  ia  situate  beneath  the  skiu  must,  by 
\  want  of  conducting  power^  ^a&mt  in  preventing  undue  waste  of  the 
at  of  the  body  by  escape  from  the  surface. 

r.  As  a  packing  material,  fat  serves  very  admirably  to  fill  up  spaces, 

I  form  a  soft  and  yieldiug  yet  elastic  material  wherewith  to  wrap  ten- 

'and  delicate  structures,  or  form  a  bed  with  liko  qualities  on  which 

jlch  structures  may  lie,  not  endangered  by  pressure*     As  examples  of 

aations  m  which  fat  serves  such  purposes  may  be  mentioned  the  palms 

tthe  hands  and  soles  of  the  feet  aud  the  orbits* 

rf.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow  mar* 
kw,  fills  the  medullary  canal,  aud  supports  the  small  blood-veggels  which 
)  distributed  from  it  to  the  inner  part  of  the  substaDce  of  the  bone* 

Basemext  Membbanes. 

Basement  membranes  are  a  special  structure  upon  which  the  epi- 
ehum  of  mucous  membranes  rests.     They  are  of  homogeneous  appcar- 

e,  and  are  develojied  from  flattened  connective-tissue  corpuscles, 
lioed  at  their  edges,  or  from  a  concentrated  cement  substance.     Some 

ement  membranes  possess  elasticity,  e.g.y  in  the  cornea. 

11,  Cartilage. 

General  Sirtidure  of  Cariilatje, — All  kinds  of  cartiUge  are  composed 

I  ctlh  imbedded  in  a  substance  called  the  matrix :  the  apparent  differ- 

bees  of  structure  met  with  in  the  various  kinds  of  cartilage  are  more 

■e  to  differences  in  the  character  of  the  matrix  than  of  the  cells. 

aong  the  latter,  however,  there  is  also  considerable  diversity  of  form 

isise. 

With  the  exception  of  the  articular  variety,  cartilage  is  invested  by  a 
Liu  but  tough  firm  fibrous  membrane  called  the  penvkomlriuttu  On 
k  surface  of  the  articular  airtilage  of  the  fcetus,  the  perichondrium  is 
presented  by  a  film  of  epithelium;  but  this  is  gradually  worn  away 
►  to  the  margin  of  the  articular  surfaces  when  by  use  the  parts  begin 
er  friction, 
fervea  are  probably  not  supplied  to  any  variety  of  cartilage. 
Cartilage  exists  in  three  different  forms  in  the  human  body,  viz.,  1, 
Wyaline  cartilage^  %  Yellow  dasiic-cartilage^mul  3,  White  fibro-cartilage. 
,    J.  Hyaline  Cartilage. 

I  DiMribuiioH. — This  variety  of  cfirtilage  is  met  with  largely  in  the 
naian    body^uvesting   the   articular   ends    of    bones,   and   forming 

EOOfital  cartilages^  the  nasal  cartilages,  and  those  of  the  larynx  with  the 
eption  of  the  epiglottis  and  cornicula  laryngis,  as  well  as  those  of 
trachea  and  bronchi, 
Siru^ture. — Like  other  cartilages  it  is  composed  of  cells  imbedded  in 


52 


HAynfiOOK    OF    PHYSIOLOGY* 


a  matrix.  The  cells,  wliioli  contain  a  nucleus  with  nucleoli,  are  irreguta 
in  ehape,  and  generally  grouped  together  in  patches  (fig,  53),  Th 
patches  are  of  various  shapes  and  sizes  and  placed  at  unequal  liistacoi 
apurt»  They  generally  appear  flattened  near  the  free  ^arfac^e  of  th 
mass  of  cartilage  in  which  they  are  placed  and  more  or  less  peqiendicuta 
to  the  surface  in  the  morc-deeply  seated  portions.  i 

The  matrix  of  hyaline  cartilage  has  a  dimly  granular  appearance fiki 
that  of  ground  glass,  and  in  man  and  the  Iiigher  animals  has  no  appnf 
ent  strncturc.  In  some  cartilages  of  the  frog,  however,  even  when  ei 
amined  in  the  fresh  state,  it  is  seen  to  be  mapped  out  into  polygom 
blocks  or  cell-territories,  each  containing  a  cell  in  the  centre,  and  repH 


W\ 


^  \^ 


o.^^ 


FU.  53. 

FIjT.  58.— HyaMnt*  jLrUculmr  cArtlUif^f^  fhuman), 
matrix.     ;•:  840  diiim«      <Schftft-r  i 

Fl^,  S4.— Preflli  cartil«««  froci  Om?  Trltoo,    (A.  RoUett.) 


Fiir.M. 
Th**  oeU  bodies  entirely  flU  theipaCMliit 


eenting  whjit  is  generally  called  the  capsule  of  the  cartiltige  cells  ( 
54).  Hyaline  eartihige  in  man  has  really  the  same  stTuetore,  which  <a 
be  demonstrated  by  the  use  of  certain  reagents.  If  a  piece  of  hunU! 
hyaline  cartilage  be  macerated  for  a  long  time  in  dOuted  acid  or  in  b 
water  3r)"-45"  C.  {l>5''-n3^  R).  the  matrix,  which  previously  appeaxi 
quite  homogeneous,  is  found  to  be  resolved  into  a  nunxber  of  eoncenti 
lamella?,  like  the  coats  of  an  onion,  arranged  round  each  cell  or  grol 
of  cells.  It  is  thus  shown  to  consist  of  nothing  but  a  number  of  Ia| 
systems  of  capsules  which  have  become  fused  with  one  another. 

The  cavities  in  the  matrix  in  which  the  cells  lie  are  connected  1 
getber  by  a  series  of  branching  canals,  very  much  resembling  those 
the  Cornell :  through  these  canals  fluids  may  make  their  way  into  H 
depths  of  the  tissue. 

In  the  hyaline  c^irtilage  of  the  ribs  the  cells  are  mostly  larger  tin 
in  the  articular  variety  and  there  is  a  tendency  to  the  development 
flbrafl  in  the  inatrix  (fig.  55).     The  costal  cartilages  also  frequently  1 
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me  calcified  in  old  age,  as  also  do  some  of  those  of  the  larynx.     Fat* 
obules  may  also  be  seen  in  many  cartilages  (fig,  55). 

In  artiealar  cartilage  the  cells  are  smaller  and  arranged  vertically  in 
inow  lines  like  strings  of  beads. 

'  In  the  foetus  cartilage  is  the  material  of  which  the  bones  are  first 
ouitnicted;  the  **  model"  of  each  bone  being  laid  dovra,  so  to  speak, 

thia  gnbstance.  In  such  cases  the  cartilage  is  termed  temporary.  It 
skuely  resembles  the  ordinary  hyaline  kind;  the  cells,  however,  are  not 
|K)uped  together  after  the  fashion  just  described,  but  are  more  uniformly 
iiitribated  throughout  the  matrix. 

A  T&riety  of  temporary  hyaline  cartilage  which  has  scarcely  any  ma- 


fig.  Sft.  Fl*f,  w. 

:55^^C(jftal  cartiUipe  from  an  adtilt  doir,  ishowini^the  fnt  globuli's  iu  the  cArtiloK^  cellft. 
^M,— Yellow' elaAticcartilag*?  of  t be  car,     HikI^Lj  mftffnined,    (Htfrtwij?. ) 


tx  is  found  in  the  human  subject  and  in  the  higher  animals  generally, 
early  faital  life,  when  it  constitutes  the  chorda  dorsalii^* 
Xutrititm, — ^Hyaliue  cartilage  is  reckoned  among  the  so-called  non- 
\ficniar  structures,  no  blood-vessels  being  supplied  directly  to  its  own 
b^tunce;  it  is  nourished  by  those  of  the  bone  beneath.  When  hyaline 
rtilage  is  in  thicker  masses,  as  in  the  case  of  t!ie  cartilages  of  the  ribs, 
few  blood-vessels  traverse  its  substance.  The  distinction,  however^ 
iween  all  so-called  vascular  and  notirvasailar  parts  ia  at  the  best  a 
fy  artificial  one. 

2.  Yellow  Elastic  Cartilag^e.  # 

DUiribatiofu — In  the  external  ear,  in  the  epiglottis  and  cornicula 
jrngis^  and  in  the  Eustachian  tube. 

Structure, — The  cells  in  this  variety  of  cartilage  are  rounded  or  oval, 
h  well-marked  nuclei  and  nucleoli  (fig.  50),  The  matrix  in  which 
fj  are  seated  is  composed  almost  entirely  of  fine  elastic  Hbres,  which 


^^ 
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form  an  mtricate  interlacement  uboet  the  cells^  and  in  tbeir  general 
characters  are  iillied  to  the  yellow  variety  of  fibrons  tieaue:  a  small  and 
Yaiiable  quantity  of  hyaline  intercellular  substance  is  also  usually  presefnt 

A  variety  of  elastic  cartilage,  sometimes  called  cellul^ir^  is  found  to 
form  the  framework  of  the  external  ears  of  rata,  mice,  or  other  flmiD 
mumniaU.  It  is  composed,  as  its  name  implies/almost  entirely  of  cdli 
which  are  packed  very  closely  with  little  or  no  matrix.  When  present 
the  matrix  consists  of  very  fine  fibres  which  twine  about  the  cells  in 
various  directions  and  inclose  them  in  a  kind  of  network,  £laaticca^ 
tilage  seldom  or  never  ossifies. 

3.  White  Fibro-Cartilagc. 

Disfrihuf ion. —White  fibro- cartilage  is  found  to  occur: — 

1.  As  infer-articular  fibro-Ciirtilage,  tf.^.,  the  semilunar  cartilages  of 
the  knee-joint. 

2*  As  circumferenfia!  or  marginal  cartilage,  as  on  the  edges  of  th« 
acetabulum  and  glenoid  cavity, 

3.  Aa  connecting  cartilage,  e,g,,  the  inter-vertebral  fibro-cartilageg. 

4*  In  the  sheaths  of  tendons  and  some- 
times in  their  substance.  In  the  latter  situ- 
ation the  nodule  of  fibro-cartilage  is  called  B 
semmoid  fibro-cartilage,  of  whicb  a  speciineii  ' 


„  Vetyflbnma 

matrix. 


Fig,  57. 


F|g.8S. 


FI9.  CS.— WUt«  Jlbro-c«nll«ge  trom  mn  inter-Teitebm]  llRamenC    (Eleio  and  Noble  SoUtli.) 


may  be  found  in  the  tendon  of  tlie  tibialis  posticus  in  the  sole  of  the  foot,' 
and  usually  in  the  neighboring  tendon  of  the  peroneus  longua, 

,  Structure. — White  fibro-cartilage  {fig,  58).  which  is  much  mora  widely 
distributed  throughout  the  body  than  the  foregoing  kind,  is  composed* 
like  it,  of  cells  and  a  matrix;  the  latter,  however,  being  made  up  almost 
entirely  of  fibres  closely  resembling  those  of  white  fibrous  tissue. 

In  this  kind  of  fibro-cartilage  it  is  not  unusual  to  find  a  great  part 
of  its  mass  composed  almost  exclusively  of  fibre^,and  deriving  the  name , 
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cartilage  only  from  the  fact  that  in  another  portion,  contionoTia  with 
liOirtilage  cells  may  be  pretty  freely  distributed. 

By  prolonged  boiling,  cartilage  yields  a  substance  called  chondHn-^ 
Wch  gelatinizes  on  cooling.     The  cells  of  white  fibro-cartilage  are  as  a 
rule  rounded  or  somewhat  flattened  but  in  some  places  are  distinctly 
bruicbed. 

Functians  of  Cartilage.— Cartilage  not  only  represents  in  the 
fiBtas  the  bones  which  are  to  be  formed  {temporary  cartilage)  but  also 
^flere  a  firm,  yet  more  or  less  yielding,  framework  for  certain  parts  in 
khe  developed  body,  possessing  at  the  same  time  strength  and  elasticity. 
It  maintains  the  shape  of  tubes  as  in  the  larynx  and  trachea.  It  affords 
tttachment  to  muscles  and  ligaments;  it  binds  hones  together,  yet  allows 
I  certain  degree  of  movement,  as  between  the  vertebrse;  it  forms  a  firm 
Inmework  and  protection,  yet  without  undue  stiffness  or  weight,  as  in 
tbe  pinna,  larynx,  and  chest  walls;  it  deepens  joint  cavities,  as  in  the 
ncetabalum,  without  unduly  restricting  the  movements  of  the  bones. 

Development  of  Cartilage.— Cartilage  is  developed  out  of  an  em- 

bnoual  tissue,  consisting  of  cells  with  a  very  small  quantity  of  intereel- 

InUf  substance :  the  cells  multiply  by  fission  within  the  cell-c-apsules, 

while  the  capsule  of  the  parent  cell  becomes  gradually  fused  with  the 

lurrouading  intercellular  substance.     A  repetition  of  this  process  in  the 

JotiDg  cells  causes  a  rapid  growth  of  the  cartilage  by  the  multiplication 

«/it«ceUuhr  elements  and  corresponding  increase  in  ita  matrix.     Thus 

»e  S€e  that  the  matrix  of  cartilage  is  chiefly  derived  from  the  cartOage 

ttlh, 

III.  Bone.  ' 

Chitnieai  Composition. — Bone  is  composed  of  earthy  and  animal  mat- 
ter in  the  proportion  of  about  67  per  cent  of  the  former  to  33  per  cent 
pi  the  latter.  The  earthy  matter  is  composed  chiefly  of  calcium  phos- 
iate,  but  besides  there  is  a  small  quantity  (about  11  of  the  67  per  cent) 
tcalHum  carbonate  and  calcium  fiattride^  and  ma[fncitium  phoAphaie, 

The  animal  matter  called  coUagen  is  resolved  into  gelatin  by  boiling. 

The  earthy  and  animal  constituents  of  hone  are  so  intimately  blended 
aid  incorporated  the  one  with  the  other  that  it  is  only  by  chemical 
ction,  as  for  instance  by  heat  in  one  case  and  by  the  action  of  acids  in 
oother,  that  they  can  be  separated.  Their  close  union  too  is  further 
hown  by  the  fact  that  when  by  acids  the  earthy  matter  is  dissolved  out, 
r  fin  the  other  hand  when  the  animal  part  is  burnt  out,  the  shape  of 
Ml  bone  is  alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  varies  in 
liferent  bones  in  the  same  individual  and  in  the  same  bone  at  different 

Siruciurc, — ^To  the  naked  eye  there  appeur  two  kinds  of  structure 
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in  diSerent  bones,  and  in  different  parts  of  the  same  bone^  namely,  tlie  I 
dense  or  comptict^  and  the  s/wnt/t/  or  cancelhus  tissue. 

Thus  in  milking  a  longitudinal  section  of  a  long  bone,  ni  the' 
hnniema  or  feniur,  the  artienlar  extremities  are  found  capped  on  tkir  i 
surface  by  a  thin  sbell  of  compact  bone,  while  their  interior  k  made  up 
of  the  spongy  or  caucelUuis  tissue.  The  shaft,  on  the  other  ba»dj«  | 
formed  ulmoet  entirely  of  it  thick  hiyer  of  the  compact  bone,  and  thii  J 
surrounds  a  central  canal,  the  meduilarf/  cavity — so  called  from  ita  con- 
taining the  me^fnUa  or  niurrow, 

Ifi  tlie  flat  bones,  as  the  purietal  bone  or  the  scapula,  one  layer  of  ito 
caneellous  etrneture  lies  between  two  layers  of  the  compact  tissae^UDd 
in  the  short  and  irregulsjr  bones,  a§  tliose  of  the  carpm^  and  tarsm^.^i^^ 
Ciincelloiis  tissue  alone  fillg  the  interior,  while  a  thin  shell  of  compac'fcj 
bone  forms  the  outside. 

Marrow. — There  are  two  distinct  varieties  of  marrow — the  nd^x%^^ 
yellow. 

1 


^ 


FIjT.  50— CVllM  cif  the  red  mAtrnw  of  die  ^linea-pij?,  Jjiclilv  mnirDiflefl.    «.  A  larjrv  ct?!:,  the  ntt 
dvus  of  which  appenrs  ta  h^  ]Martly  dlviHt*^!  int a  thrv^e  by  eonstrfct ia.j«;  fr,  a  oell,  Uie oueleiis «if  whkJ 
ihcfviH  ftn  api>earane^  df  ^*ei^^^i■oll8.Triote<]|  inii»  a  number  cif  Eiirtaller  nuclei;  r,  a  «'n.p|in«<tl  ?i*ntcvll^ 
or  rnjelojilftjte.  with  rnanv  titicleJ:  d,  A  smaller  myelcf-plox**,  with  three  nuclei;  e-K  propti'rt'elWflii  1 
tb«  iii*rn>w.    (;E.  A.  Sch&ferO  ' 


Red  marrow  is  that  variety  which  occupies  the  spaces  in  the  canceU] 
lous  tissue;  it  is  highly  Vii.scular,  and  thus  maiutaius  the  nutrition  ofl 
the  spongy  bone,  the  interstices  of  wvliich  it  fills.     It  contains  a  fewl 
lat^ells  and  a  large  number  of  marrow-eel k,  many  of  which  are  nndis-l 
tingnishable  from  lym|>hoid    corpuscles,  and   has  for  a  basis  a  small] 
amount  of  fibrous  tissue.     Among  the  cells  are  eonie  nucleated  cells  of 
very  much  the  same  tint  tis  colored  blood -corpuscles.     There  are  jJs^il 
a  few  liiirge  cells  with  many  nuclei,  termed  f/uuif -veils  or  iHt/eloplajfsA 
which    are    derived    from   over*growth   nf   the   ortlinarv  marrow-cell 
{Eg.  5r*). 

Yellow  marrow  fills  the  medullary  cavity  of  long  bones^  nnd  consisti 
chiefly  of  fat-cells  with  nomerons  blood-vessels:  many  of  its  cells  als 
are  in  every  respect  similar  to  lymphoid  corpuscles. 
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From  these  marrow-cells,  especially  those  of  the  red  marrow,  are  de- 
riTed,  as  we  shaD  presentlj  show,  large  quantities  of  red  blood-corpuscles* 

Periosteum  and  Nutrieat  Blood-vessels*— The  surfaces  of  bones, 

I  except  the  part  covered  with  articular  cartilage,  are  clothed  by  a  tough, 

fibrous  membmne,  the  periosteurft ;  and  it  is  from  the  blood-vessels 

which  are  distributed  in  this  membrane,  that  the  bones,  especially  their 

more  compact  tissue,  are  in  great  part  supplied  with  nourishment,— 

minute  branches  from  the  periosteal  vessels  entering  the  little  foramina 

on  llie  surface  of  the  bone,  and  finding  their  way  to  the  Haversian 

(amals  to  be  immediately  described.     The  long  bones  are  supplied  also 

r  a  proper  nutrient  artery  which,  entering  at  some  part  of  the  shaft  so 


-^: 


^ff*  tO.—Tnnsvene  tecdon  of  compact  bony  tisfliie  (of  humenii).    Three  of  the  Haveraian 

'    wen,  with  th«>!ir  coneenfric  hn^;  al«o  the  iHt-iinn*,  with  the  canulieulj  ^xteodlng  frotn 

I  tile  direction  of  the  lAtnelUc?.     The  HAver«iau  itpertyn'S  were  flUefl  Avlth  ci^hrisin  grind- 

-     » the  ««*Uon«  and  ther**f or>i"  api>ear  hlA/ik  in  tiie  flgTire,  which  repres*ent*i  the  ohjeet.a*t  vii^wed 

ItmiftQJtti^  Ifl^ht.    The  Eftver^ian  systems  ar«  »o  cIoBelj' packed  m  th\B  section,  ttiat  scarcely 

I  mf  miinHiiol  lAoiell«&  are  vlafble,    x  150.    (.Sharpey .) 

J  to  reach  the  medullary  eanal^  breaks  up  into  branches  for  the  snpply 
[of  the  marrow,  from  which  again  small  vessels  are  distributed  to  the 
f  interior  of  the  bone.  Other  small  blood-vessels  pierce  the  articular 
[  extremities  for  the  supply  of  the  caneelloos  tissue. 

Microscopic  Stmcture  of  Bone. — Notwithstanding  the  differences  of 
agement  just  mentioned,  the  stnictnre  of  all  bone  is  found  under 
[file  microscope  to  be  essentially  the  same. 

Examined  with  a  rather  high  power  its  substance  is  found  to  contain 
|b  multitude  of  small  irregular  spaces,  approximately  fusiform  in  shape, 
led  iactince^  with  Tery  minute  canals  or  canalicidif  aa  they  are  termed, 
ading  from  them,  and  anastomosing  with  similar  little  prolongations 
[>m  other  lacunse  (fig.  60),     In  very  thin  layers  of  bone,  no  other 
Itanals  than  these  may  be  visible;  but  on  making  a  transverse  section  of 
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the  compact  tiefiue  as  of  a  long  bone^  e>g.,  the  humerus  or  ulna,  tl^^ 
arrangement  shown  in  fig.  60  can  be  seen. 

The  bone  seems  mapped  out  into  small  circular  districts,  at  or  abonl?  j 
the  centre  of  each  of  which  is  a  hole^  around  which  is  an  appearance  af 
of  concentric  layers— the  lacunm  and  canalicuJi  following  the  same  con- 
centric  plan  of  distribution  around  the  small  hole  in  the  centre^with] 
which  indeed  they  commonicate. 

On  making  a  longitudinal  section^  the  central  holes  are  found  to  1 
simply  the  cut  extremities  of  small  canals  which  run  lengthwise  throagil 
the  boBe^  anastomodiug  with  each  other  by  lateral  branches  (^.  61)^ 


'i't' 


.>  ':t 


Flj^.  61.— LoDgJtudinai  fMwtion  from  th*"  human  ulna,  itiowlng  Haversl&ti  cmiAt,  Uu?u&iiP,  and 

coualic'tili.    (Holltftl,! 

and  are  called  Harersian  eanah,  after  the  name  of  the  physician,  Clopt 
Havers,  who  iirst  accurately  described  them. 

The  Haversian  canals,  tlie  uverage  diameter  of  which  ia  ^i^r  o^ « 
inch  (50;^),  contain  blood -vtiasels,  and  by  means  of  them  blood  iBconTeye 
to  all,  even  the  densest  parta  of  the  bone ;  the  minute  canaliculi  and  JacuQa 
absorbing  nutrient  matter  from  the  Haversian  blood-vessels  and  eon 
veying  it  still  more  intimately  to  the  very  substance  of  the  bone  whic 
they  traverse. 

The  blood-vessels  enter  the  Haversian  canals  both  from  without,  bjj 
traversing  the  small  holes  which  exist  on  the  snrface.of  all  bones  be-" 
neath  the  periosteum,  and   from  within  by  means  of  small  channels^ 
which  extend  from  the  medullary  cavity,  or  from  the  cancellous  tissna 
The  arteries  and  veins  usually  occupy  separate  canals,  and  the  veinl 
w*hich  are  tlie  larger,  often  present,  at  irregular  intervals^  small  pouc 
like  dilatations.  ^ 
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Tlie  lacuna  are  occupied  by  brancbed  cells,  which  are  called  bone- 
\e$lkoT  hofie-corpuj^rhs  (fig.  62),  wtiidi  very  closely  resemble  the  ordi- 
I  naij  branched  connective-tissue  corpuscles;  each  of  these  little  masses 
[ef  protopksm  mioisteriixg  to  the  nutrition  of  the  bone  immediately  sur- 
ounding  it,  and  one  hicunar  corpuscle  cornmunicuting  with  another, 
in«i  with  its  eurronnding  district,  and  with  the  blood-vessels  of  the 
laTersian  canals,  by  means  of  the  minute  streams  of  fluent  nutrient 
natter  which  occupy  the  eanaliculi. 

It  will  be  seen  from  the  above  description  that  bone  is  essentially 
UnnectiTe-tissae  impregnated  with  lime  salts:  it  bears  a  very  close  re- 

sembhmce  to  what  may  be  termed 
typical  connective-tissue  such  as 
the  substance  of  the  cornea*  The 
bone-corpuscles    with    their    pro- 


YJ 


r 


Fig.  88, 


Fiy.flS. 


tiie  eye. 


\  i th  Lht^r  proce«<4eA  m  seen  in  m.  thin  iectSon  of  hunjajo  bone,  ( FUilktt.) 
.  i(T  ttfym  a  sr^f ierj**d  txone.    Thb  llenr^,  wbkch  in  Inteniled  to  rt_*pte»enl 
:  i^+'lta,  j?JvH»  u  Kpf^tter  idea  of  the  obJ€»ct  wh«u  held  ratlier  farther  oB 
X  m\    CBh«rp«?y  J 


lee  occupying  the  lacunae  and  camiliculi  correspond  exactly  to  the 
aea -corpuscles?  lying  in  bninched  spaces. 

Lamellae  of  Compact  Bone. — In  the  shaft  of  a  long  bone  three 
(tinct  seta  of  lamellse  can  be  clearly  recognized. 

(!.">  Genera!  or  fundamental  lamellffi  ;  which  are  most  easily  trrrrea- 
just  beneath  the  periosteum,  ijnd  around  the  medullary  cavity,  form- 
;  around  the  latter  a  series  of  concentric  rings.  At  a  little  distance 
ifu  the  medullary  and  periosteal  surfaces  (in  the  deeper  portions  of 
6  bone)  they  are  more  or  less  interrupted  by 
{%,)  Spe^inl  or  Haversian  lamella*,  which  are  concentrically  arranged 
RMiDd  the  Haversian  canals  to  the  number  of  six  to  eighteen  around 

(3.)  Interstitial  lamellie.    which  connect  the   system  of  Haversian 
ttell®,  filling  the  spaces  between  them,  and  consequently  attaining 
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their  greatest  development  where  the  Haversian  sjBtems  arefev,*f» 

The  ultiiiiute  structure  of  the  himellfe  appears  to  be  reticular 
thin  film  be  peeled  oflE  the  §urfaoe  of  n  bune,  from  which  the 
matter  has  been  removed  by  acid»  und  examined  with  a  high  power 
the  inicroscope,  it  will  be  found  composed  of  a  finely  reticular  strac- 
ture,  formed  iippareutly  of  very  slender  fibres  decussating  obliquely,  but 
coalescing  at  tlie  points  of  intersection,  as  if  here  the  fibres  were  fused 
nitber  than  woven  together  {fig.  63). 

In  many  places  these  reticular  lamellae  are  perforated  by  taperin] 
fibres  called  the  ClamcuH  of  Gagliardi,  or  the  perforating  iibrt»  nj 
Sharpen,  resembling  in  character  the  ordinary  white  or  rarely  the  elastiifl 


FMg.  Gi,— LameUep  tom  off  from  a  decAlclfltfcl  humati  pftiietal  boEie  at  BOme  depth  from  theiu^ 
face.    (J,  ct,  LaiueJIee,  lUiaMiug  reticular  tlbrffi:  &,  ^,  dNxker  part,  where  Beveral  ImneHag  «rei 
poeed:  c,  iJerfomtiup  (Ibrtw.    Aperture«throuKli  whk*h  perftimUug  flbrwh«d|  '  ^ 

pocialJjr  Id  the  lower  part,  ti,  a,  of  the  flffure.    (AUea  ThotuBOii.) 

flbroua  tissue,  which  bolt  the  neighboring  lamellae  together,  and  may  b 
drawn  out  when  the  latter  :ire  torn  asunder  (fig.  G4).  These  perforata 
fibres  originate  from  ingrowing  processes  of  the  periosteum,  and  in 
aiiult  still  retain  their  conneetion  with  it. 

Development  of  Bone. — From  the  point  of  view  of  their  devela' 
ment,  all  bones  may  be  subdivided  into  two  classes, 

(a.)  Those  which  are  ossified  directly  or  from  the  first  in  mcmhnt 
or  fibrous  tissue,  e,g,,  the  bones  forming  the  vault  of  the  skull,  parieti*i 
frontah  and  a  certain  portion  of  the  occipital  bones, 

{b,)  Those  wiiose  form,  previous  to  ossification,  is  laid  down  in  h^\ 
line  cartUafie,  e^g,^  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied  il 
bones  which  ar«  not  preceded  by  cartilage,  (.e.^membram-forfned  (f.Ji 
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fmiiaTf ;  and  without  a  knowledge  of  this  process  (ossification  in  jnetn- 
tramj/tt  is  impossible  to  understand  the  much  more  complex  series  of 

(Jumgue  through  which  sach  a  Etructure  as  the  cartilaginous  femur  of 

thefcetns  passes  iu  its  transformation  into  the  bony  femur  of  the  adult 

Wification  in  cariihige). 

Ossification  in  Membrane, ^The  membrane,  afterward  forming 
e  periosteum,  from  which  eucli  a  bone  us  tlie  parietal  is  developed, 

>flsisls  of  two  layers — an  external /irow^,  and  an  internal  celltdar  or 

The  external  layer  is  made  up  of  ordinary  connective-tissue,  being 
po6ed  of  layers  of  fibrous  tissue  with  branched  connective-tissue 
►rpnscles  here  and  tliere  between  the  bundles  of  fibres.     The  internal 
kjer  consists  of  a  network  of  fine  fibrils  with  a  large  number  of  nude- 
cells  with  a  certain  addition  of  albuminous  ground  or  cement  sub- 
ce  between  the  fibrous  bundles,  some  of  which  are  oval,  others 
wn  out  into  long  branched  processes:   it  is  more  richly  supplied 
th  cjipillaries  than  the  outer  layer.     The  relatively  large  number  of 
cellular  elements,  which  viiry  in  size  and  shape,  together  with  the 
danoe  of  its  blood-vessels,  clearly  mark  it  out  as  the  portion  of  the 
iosteum  which  is  immt*diately  concerned  in  the  formation  of  bone. 
In  such  a  bone  as  the  parietal,  which  is  represented  then  when  ossi- 
tion  commences  by  the  species  of  fibrous  connective  tissue  with  many 
ills  above  indicated,  the  deposition  of  bony  matten  which  is  preceded 
ly  increased  vascularity,  takes  place  in  radiating  spicuh^,  starting  from 
cmtr$  cf  os^iJieatio?if  and  shooting  out  in  all  directions  toward  the 
^riphery.     These  primary  bony  spiculge  consist  of  the  fibres  of  the  tis- 
>ne  which  are  termed  ostvogpupfir  Jihrits,  composed  of  a  soft  transparent 
BilQitance  called  osteogen,  in  which  calcareous  granules  are  deposited. 
The  fibres  are  said  to  exhibit  in  their  preealcified  state  indications  of  a 
dbrillar  structure,  and  are  likened  to  bundles  of  white  fibrous  tissue,  to 
^Taich  they  are  similar  in  chemical  composition,  but  from  which  they 
differ  in  being  stiff er  and  less  wavy.     The  deposited  gi^anules  after  a 
timeliecome  so  numerons  as  to  fill  up  the  eiibstance  of  tlie  fibres  and 
botiv  opicuhe  result.     Calcareous  granules  are  deposited  also  in  the  in- 
t^rfibrilkr  matrix.     By  the  junction  of  the  oeteogenetic  fibres  and  their 
ftjulting  bony  spiculae  a  meshwork  of  bone  is    formed.     The   osteo- 
^m&tk  fibrcis,  which  become   indistinct  as  calcification  proceeds,  are 
Wieircd  to  persist  in  the  lamellie  of  adolt  bone.     The  osteoblasts,  being 
^  part  retained  within  the  bone  trabecule  thus  produced,  form  bone 
^orpUBcles,     On  the  bony  trabecule  first  formed,  layers  of  osteoblastic 
wUsfrom  the  osteo-genetic  layer  of  the  periosteum  are  developed  side  by 
pde,  lining  the  irregular  spaces  like  an  epithelium  (fig.  65,  b).    Lime- 
^  are  deposited  in  the  circumferential  part  of  each  osteoblast,  and 
ft  ring  of  osteoblasts  gives  riie  to  a  ring  of  bone  with  the  remaining 
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uncalcified  portions  of  the  osteoblasts  imbedded  in  it  as  bone  corpusdeftr 
as  in  the  first  formation;  then  the  central  portion  of  the  bony  plat^ 
bacomea  harder  and  less  euiicellous.  At  the  same  time^  the  plate  in- 
ereaaea  at  the  periphery  not  only  by  the  extension  of  the  bony  spiculffi, 
but  also  by  deposits  taking  place  from  the  osteogenetic  layer  of  the 
periosteum. 

The  primitive  spongy  bone  is  formed,  and  its  irregnlar  branching 
spaces  are  occupied  by  processes  from  the  osteogenetic  layer  ol  the  peri- 
osteum consisting  of  numerous  blood-Tessels  and  osteoblasts.  PortionA 
of  this  primitive  spongy  bone  are  re-absorbed*  The  osteoblasts  are 
arranged  in  concentric  successive  layers  and  give  rise  to  coneentrio 
Haversian  lamelliB  of  bone,  while  the  irregular  space  in  the  centre  is 
reduced  to  a  well- formed  Haversian  canal,  containing  the  usual  bloods 
vessels,  the  portions  of  the  primitive  spongy  bone  between  the  Have; 


«f- 
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Fig,  65.— Ost€<iblABt«  fhNn  the  paripfal  bone  of  a  himian  ^mbrTt>,  thiTteen  weeks  old  o,  BoRf 
jite  with  the  cf  lbs  of  the  lacunm;  b,  tttyem  of  oateoblot^A;  r,  the  lAtter  in  traonitioDi  to  bone  cor- 
■deft.    HighU'  ouMsuMed.    (Gegetibaur.) 


systems  remaining  as  interstitiid  or  ground -lamellae  (p.  59),     The  ball 
of  the  primitive  spongy  bone  is  thus  griulually  converted  into  compac% 
bony- tissue  of  Haversian  systems.     Those  portions  of  the  ingrowtl: 
from  the  deeper  layer  of  the  periosteum  which  are  not  converted  ini 
bono  remain  in  the  spaces  of  the  cancellous  tissue  as  the  red  tu arrow. 

Ossification  in  Cartilage. — Under  this  heading,  taking  the  femi 
as  a  typical  example,  wc  may  consider  the  process  by  which  the  soli 
cartilaginous  rod  which  represents  the  bone  in  the  fcetus  is  converter 
into  the  hollow  cyliniler  of  compact  bone  with  expanded  ends  forme*'^ 
of  cancellous  tissue  of  which  the  adult  femur  is  made  up*     We  mus 
bear  in  mind  the  fact  that  this  fo?tal  eartiluginous  femur  is  many  time* 
smaller  than  the  medullary  cavity  even  of  the  shaft  of  the  mature  bone^ 
and,  therefore,  that  not  a  trace  of  the  original  cartilage  can  be  present 
in  the  femur  of  the  adult   Its  purpose  is  indeec!  purely  temporary;  and^] 
after  its  calcification,  it  is  gradually  and  entirely  absorbed  aa  will 
presently  explained. 
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irtilaginoas  rod  which  forme  the  fceUl  femur  is  sheathed  in  a 
I  termed  the  perichaf\driurit, -which  so  far  resembles  the  peri- 
jBcribed  above,  as  to  consist  of  tsvo  layers,  in  the  deeper  one  of 
leroidal  cells  predominate  and  blood* veseels  abound »  while  the 
ir  consista  mainly  of  fusiform  cells  which  are  in  the  mature 
iuallv  transformed  into  fibres.  Thus,  the  differences  between 
richondrium  and  the  periosteum  of  the  adult  are  such  aa 
usually  exist  between  the  embry- 
onic and  mature  forms  of  connec- 
ts ^-  :r  ^  ^^  -  .  -  t'^y^  live  tissue. 
f   I  V  :  Between  the   hyaline   cartilage 

p    "  of  which   the  foetal  femur  consista 

'  and  the  bony  tissue  forming  the 

adult  femur,  there    are    fwo   chief 
;  intermediate    stages  —  viz.    (1)    of 


S   ^^    —     B    ^5*     ^  ^    tk^ 
^    ^    &       •15    ^  ^  "^^^ 


S, 


^"  ' 


>d>j^    ^^ 


Fiff.  flr. 

1  cartllaipB  flhawtng  loops  of  blcMMl'VeueJe. 
.^._.-itoal  fiectioD  of  OMfyiog  cartaaji©  from  the  humerua  of  a  fcBtal  sheep.    Cal- 
are  fle«ti  exteodlag  betriraeo  the  ooIuinDii  of  cartilage  eeUa.    c»  Cartilage  ceUa. 


eartilage,  and  (2)  of  embryonic  spongy  bone.    These  ma- 
ich  successively  occupy  the  place  of  the  foetal  cartihige,  are 
i>n  entirely  absorbed,  and  their  place  is  taken  by  true  bone, 
cess  by   which  the  cartilaginous  is  transformed    into   the 
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bony  femur  maj  however  be  dirided  for  the  sake  of  deamess  into  tli*  | 
followiug  six  siaffes : — 

*Sfaffe  1, — Proliferation  and  Calcification* — As  ossification  !#  ; 
comniencing  the  cartilage  cells  in  and  nenr  tlie  centre  of  oaaification  be^  i 
come  enlarged  and  proliferate,  arranging  tbemselveB  in  rows  oorrespond*  j 
iiig  to  the  long  axis  of  the  bone  (fig.  fJ7).  Limeeiilts  are  Xipxt  deposited 
iu  the  form  of  fine  granules  in  the  hyaline  matrix  of  the  cartilage^  andj 
thid  gradually  becomes  transformed  into  a  nnmber  of  calciBed  trabeculs  J 


Flo.  CS,— Tranpvers©  B*>ction  <^f  q  portion  of  a  metacarpal  bone  of  a  fcetusk  shrjwing— 1,  I 
Uyer  Ol  ijeriosteurn;  2;  D**ti?ogi-Uf lie  Jiiyer  «f  dKto  ;  3,  [wruniUtHj  bone:  4,  i;»rtiJ«^«*.  ulUi  \ 

eorlualljr  beoomiii^  CAieltltHK  n^  nt  h,  h  itti  LU*)ts  iu  tirltiiiiry  arvolji?;  Iteyontl  fithc  csfl^cified  mfttrucf 
iujceol'i^y  rvpljftc'tfd  by  upon^y  bone.     X  'JtH).    iS -  I*-  Karrte.) 

(fig.  68,  5)j  inclosing  alveolar  spaces,  which  are  the /jriw^ry  armlm^  ai 
which  contain  cartilage  cells.     The  cartilage  cells,  gradually  enlargingJ 
become  more  transparent,  and  finally  undergo  disintegration,     Dnrinj 
this  stage  the  perichondrium  has  become  the    periosteum,  and  is 
ginning  to  deposit  hone  on  tlie  outside  of  tliu  cartilage. 

Simp  % — Vascularization  of  the  Cartilag^e* — Processes  fron 
the  osteogenetic  or  eelUilar  hiver  of  tlie  perioateiim  containing  blood-l 
vessels  break  into  the  substance  of  the  cartilage  and  grow  nuieh  as  itj , 
insinuates  itself  into  the  cracks  and  crevices  of  a  wall.  This  begins f^- 
the  "centres  of  ossification/'  from  which  the  blood-vessels  spread  cbie 
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and  down  tbesliaft,  etc.  Thus  tlie  substance  of  the  cartilage,  which 
moushcoii  tallied  uo  vessels,  is  traversed  by  a  number  of  branehed  aniie- 
ming  chaiioels  formed  by  the  eulargemeut  aud  coalescence  of  the 
sea  in  which  the  ctirtilage-cells  lie,  aud  containiug  loops  of  blood- 
ed (iig.  66)  aiid  spheroidal  culls  which  will  becoma  osteoblusts.  By 
bar  absorption  of  some  of  the  trabeculie  larger  spaces  are  devel- 
,  which  contain  cartilage-cells  for  a  very  short  time  only,  their 
m  being  taken  by  the  so-called  osteogen e tic  layer  of  the  periosteum 
h  constitutes  the  primary  marrow. 

(a^e  3, — Substitution  of  Embryonic  Spongy  Bone  for  Carti- 
. — The  cells  of  the  |]rimury  marrow  arrange  themselves  as  a  contia- 
lajer  like  epithelium  ou  the  calcitied  trabeculae  and  deposit  a  layer 


1SD.— A.  sni«Jl  l8o1&l«d  mtaa  of  bone  nex^  the  perio«t4^ura  of  the  lower  }aw  of  hijm»n 
rt,  Oflt«oiceti<eilc  lJ^yt^^  of  perio«teiirii.  g,  rauUtnij.cleiar  jclant  cella^  tlveone  on  the  Ittft  amiog^ 
kbably  lUce  an  oist«ocliiAt,  Abov«'  c,  the  osteoblaata  are  Been  to  becomo  fnimiuDded  by  &u 
xnainx.     (Klei^i  nod  Noble  Smith,) 

ne,  and  ensheath  them :  the  calciOed  trabeculee,  encased  in  the 
19  of  joung  bone,  become  gradually  aljsorbed,  so  that  finally  we 
trabecolse  composed  entirely  of  spongy  bone,  ail  trace  of  the  orig* 
ulcified  cartilage  having  disappeared.  It  is  probable  that  the  large 
nucleated  giant-cells  termed  osiftuiifsfs  by  Kt>]liker,  which  are  de- 
from  the  osteoblasts  by  the  multiplication  of  their  nuclei,  are  the 
mhj  which  the  absorption  uf  calcified  cartilage,  and  subsequently 
ihryonic  spongy  bone,  is  carried  on  (fig.  f>9,  _</),  At  any  rate,  they 
^08t  always  found  wherever  absorption  is  in  progress, 
'hese  stages  are  precisely  similar  to  what  goes  on  in  the  growing 
^^  a  bone  which  is  increasing  in  length  by  the  advance  of  the 
Hof  ossification  into  the  intermediary  cartilage  between  the  dia- 
»and  epiphysis.  In  this  case  the  cartilage-cells  become  flattened 
Itiplying  by  division,  are  grouped  into  regular  columns  at  right 


rft 


so 
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angles  to  tbe  plane   ot  calcification,  while  die  process  of  calcif 
extends  into  the  hyaline  matrix  between  them  (figs.  67  and  68). 

iStfif/e  4.«-Substitution   of  Periosteal  Bone  for  the  Primt^ 
Hmbryonic  Spongy  Bone.— The  embryonic  spongy  bone,  furmed  if 
above  tlescribed*  is  simply  a  temporary  tissue  occupying  tbe  plaee  olthf' 
fcetal  rod  of  cartilage,  once  representing  the  femur;  and  the  stages  I, 


.•«• 


i^ 


Lt» 


V    ■■«, 


^  fK^^ 


A^- 


A'l< 


::^^ 


F1^.  70,^Traii6T«rae  B(»ctJoD  through  the  tibia  of  a  fopitid  kftleo,  Bemt-dlaerunnuiCle,    >t| 


P,  PerTo8t<?uiii.    O,  Ovteogeibetic  layer  ot  th*^  [ifHoBtt-uni  showinir  tbe  ostaobliuitfl  arracimd  i 
Bidi*,  repivaented  aft  peuUHthAped  black  dot*  oa  ttit?  surface  of  the  oewly-formetd  bone.     B.  T" 
oat«al  boQe  depoflited  is  Bucc«a8lTe  lavera  l^eneath  ilir  fK-ri'^ftt^'iim  mm  ettabeathiitj?  E.  thf 
endcichondral  DOD«;  repneseoted  as  mrire  ilecplv  ftliadctl.    Withiu  the  trabinmUe  of  oud«Hhranli_ 
spongy  Ixme  are  seeti  tbe  rt»naiiis  of  ibe  cnlciiieHl  cjirfilai;!:^  Li'at>eciitee  repreaeDted  aa  da.rk.  wal^ 
Onea.    C,  The  medulla,  with  V,  V,  veim.    In  the  lower  luili  of  tbe  figure  the  eodocbckQdnU  i 
bone  has  b«eo  oompletelv  absorbed.    cKIeLn  and  Noble  Smltb.j 


2,  and  3  show  tbe  successive  changes  which  occur  ai  the  centre  of  the 
shaft.     Periosteal  bone  is  at  the  same  time  deposited  in  successive  layc 
beneath  the  periosteum,  /.e'. ,  at  /he  circumference  of  tbe  shnft,  exact 
described  iu  tlie  section  on  ossification  iu  membrane,  and  thus  a  cl 
of  periosteal  bone  is  formed  around  the  embryonic  endochondral  spol 
bone:  this  casing  is  thictesfc  at  Tlie  centre,  where  it  is  first  formed, 
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vent  toward  each  end  of  the  shaft  The  embryonic  spongy  bone  is 
fW,  through  tlio  agency  of  osteoclasts^  its  trabtcuL'i?  becoming 
usJly  thinned  and  its  meshes  enlarging,  and  finally  coalescing  into 
freat  cavity — the  niodullary  cavity  of  the  eh  aft. 
tatje  S.'-Absorption  of  the  Inner  Layers  of  the  Periosteal 
!. — ^The  absori>tion  of  the  endochondral  spongy  bone  ia  now  com- 
and  the  medullary  cavity  is  bounded  by  periosteal  bone;  the  inner 
t  of  this  periosteal  bone  are  next  absorbed,  and  the  medullary  cavity 
reby  enlarged,  while  the  deposition  of  bone  beneath  the  periosteum 


a 
c 
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%    "^T^j 


M.— Tmnir^Tw  sie'tion  of  ff'mur  *if  «  t  i  rrc*  about  elsTCiii  weeks  old.    n,  Rtidim«i- 

*■  '^H-«tctU>u:  6,  ill  lou^i  I udiiuil  flection :  c,  oateoblaaii*;  ti,  mswly  formed 

t  c^lor;  r,  Ihut  uf  graater  ag«;  /« lacunee  with  tbcir  eelM;  g^  a  cell  stUl 

pes  80  before.    The  Orst-formed  periosteal  bone  is  spongy  in 

lye  C. — Formation  of  Compact  Bone.— The  transformation  of 
r  periosiejil  bone  into  compact  bone  ia  etfected  in  a  manner  exactly 
r  to  that  which  has  been  described  in  connection  with  ossification 
aibnme  (p.  61).  The  irregularities  in  tl)e  walls  of  the  areolae  in 
angy  bone  are  absorbed,  while  the  osteoblasts  which  line  them  arc 
ped  in  concentric  layers,  each  layer  in  turn  becoming  ossified  till 
mparatively  large  space  in  the  centre  is  reduced  to  a  well-formed 
eian  canal  (fig.  71).  When  once  formed,  bony  tissue  grows  to 
extent  interstitially,  as  is  evidenced  by  the  fact  that  the  lacunar  are 
further  apart  in  full-formed  than  in  young  bone. 


UH 
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From  the  foregoing  description  of  the  development  of  bone,  it  will  1** 
seen  that  the  common  terms  ossification  in  cartilage  and  ossification  i^ 
membrane  are  apt  to  mislead,  since  they  seem  to  imply  two  prooenfi^ 
radically  distinct.  The  process  of  ossification,  however,  is  in  all  (sue0 
one  and  the  same,  all  true  bony  tissue  being  formed  from  membnna 
(perichondrium  or  periosteum);  but  in  the  development  of  such  aboiMl 
as  the  femur,  which  may  be  taken  as  the  type  of  so-called  ossification  is 
cartilage,  lime-salts  are  first  of  all  deposited  in  the  cartilage;  this  calci- 
fied cartilage,  however,  is  gradually  and  entirely  re-absorbed,  being  alti* 
mately  replaced  by  bone  formed  from  the  periosteum,  till  in  the  adult 
structure  nothing  but  true  bone  is  left.  Thus,  in  the  process  of  ^  ossi- 
fication in  cartilage,'^  calcification  of  the  cartilaginous  matrix  precedes 
the  real  formation  of  bone.  We  must,  therefore,  clearly  distingaieli 
between  calcification  and  ossification.  The  former  is  simply  the  infil- 
tration of  an  animal  tissue  with  lime-salts,  and  is,  therefore,  a  change  of 
chemical  composition  rather  than  of  structure ;  while  ossification  is  tbe 
formation  of  true  bone — a  tissue  more  complex  and  more  highly  organ- 
ized than  that  from  which  it  is  derived. 

Centres  of  Ossification. — In  all  bones  ossification  commences  at 
one  or  more  points,  termed  centres  of  ossification.  The  long  bones,  e.g^ 
femur,  humerus,  etc.,  have  at  least  three  such  points — one  for  the  ossifi- 
cation of  the  shaft  or  diapJujsis,  and  one  for  each  articular  extremity 
or  epiphysis.  Besides  these  three  primary  centres  which  are  alwsjs 
present  in  long  bones,  various  secondary  centres  may  be  superadded  for 
the  ossification  of  different  processes. 

Growth  of  Bone. — Bones  increase  in  length  by  the  advance  of  the 
process  of  ossification  into  the  cartilage  intermediate  between  the  dia- 
physis  and  epiphysis.  The  increase  in  length  indeed  is  due  entirely  to 
growth  at  the  two  ends  of  the  shaft.  This  is  proved  by  inserting  two 
pins  into  the  shaft  of  a  growing  bone:  after  some  time  their  distance 
apart  will  be  found  to  be  unaltered  though  the  bone  has  gradually  in- 
creased in  length,  the  growth  having  taken  place  beyond  and  not  be 
tween  them.  If  now  one  pin  be  placed  in  the  shaft,  and  the  other  i* 
the  epiphysis  of  a  growing  bone,  their  distance  apart  will  increase  as  tl^ 
bone  grows  in  length. 

Thus  it  is  that  if  the  epiphyses  with  the  intermediate  cartilage  t 
removed  from  a  young  bone,  growth  in  length  is  no  longer  possibl* 
while  the  natural  termination  of  growth  of  a  bone  in  length  takes  pla^ 
when  the  epiphyses  become  united  in  bony  continuity  with  the  shaft 

Increase  in  thickness  in  the  shaft  of  a  long  bone  occurs  by  the  dep^ 
sition  of  successive  layers  beneath  the  periosteum. 

If  a  thin  metal  plate  be  inserted  beneath  the  periosteum  of  a  gro^ 
ing  bone  it  will  soon  be  covered  by  osseous  deposit,  but  if  it  be  pat  \p^ 
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tween  the  fibrous  and  osteogenetic  layers  it  will  never  become  enveloped 
in  hoM,  for  all  the  bone  is  formed  beneath  the  latter. 
Other  varieties  of  connective  tissue  may  become  ossified,  e,g,y  tht? 
I  teinlona  in  some  birds. 

Functions  of  Bones,^ — Bonee  form  the  framework  of  the  body;  for 
I  thii  they  are  fitted  by  their  hardiiesB  and  solidity  together  with  their 
icomparative  lightness;  they  serve  both  to  protect  internal  organs  in  the 
Itrank  and  skull,  and  as  levers  worked  by  muscles  in  the  limbs;  not- 
rwithatanding  their  hardness  they  possess  a  considerable  degree  of  elaa- 
^'city,  which  often  saves  them  from  fracture. 

The  material  of  which  the  chief  portion  of  the  teeth  is  made  np, 
Hed  Dentine,  is  frequently  classed  with  bone  and  as  one  of  the  con- 
ctive  tissues.     The  other  constituents  of  the  teeth  also  resemble  bone 

igtructnre  to  a  considerable  degree;  it  will  be  as  well  therefore  to  give 

I  this  place  some  account  of  the  (eeth. 


The  Teeth. 

nring  the  course  of  bis  life,  man,  in  cr»mmon  with  most  other 
lammals^  is  provided  with  two  sets  of  teeth;  the  first  set>  called  the 


h 


i^ 


ll^Tl^^Vomua  weU-formeii I^wb,  from  which  the  ake*olar  pliit^ has  been  Id  KTMUpArt  removed, 
■>!■  to  e^iose  Um  developiiig  permatieat   t4^th  ju  the^ir  cryptH  Id  the  jaws.     (TOines.) 

mparitry  or  milk  teeth,  makes  its  appearance  in  infancy,  and  is  in  the 
coarse  of  a  few  years  shed  and  replaced  by  the  second  or  permanent  set* 

Tbe  temporary  or  milk  teeth  hiive  only  a  very  limited  term  of 
e^fltence. 

They  are  ten  in  number  in  each  jaw,  namely,  on  either  side  from  the 
■m^dle  line  two  incimr%  one  ntniney  and  two  deciduous  molars^  and  are 
'«pl*ced  by  ten  permanent  teeth.     The  number  of  permanent  teeth  in 
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each  jaw  is,  however,  increased  to  sixteen  by  the  development  of  thr 
molars  on  each  side  of  the  jaw,  which  are  called  the  permanent  ortr 
molars. 

The  following  formula  shows,  at  a  glance,  the  comparative  arrang 
ment  and  number  of  the  temporary  and  permanent  teeth: — 


CANIKS. 
1 


Temporary  Teeth. 

Mdolb  Ldm  or  Jaw. 

8 
9 


BU:U!«PID8 
TRIK  OR   I'RE- 

UOIJ^RS.      MOIJ^RS. 

'A  2 


From  til  is  formi; 
teetli  in  tlic  adult,  ai 
child.     ThoydilTor  t 
molars  liaviiig  a  strn- 
diate  descendants  th< 
in  the  jaws. 

Tlie  temporary  in- 
little  except  ill  tlieir  • 
enamel  tenninates  al 
edge.     Their  color  is  : 

The  following  tai 
Temporary  and  Perm;- 
given  tootli  of  the  low 
tooth  of  the  upper  jaw 

T( 

The  figures  indicat«» 


LOWER   CKNTRAL 
INCISORS. 

G  t(.0 


UPPER   INCISf 


8  to  V2 
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Pennaiieiit  Teeth. 

e  ag;e  at  which  each  tooth  is  cat  ia  indicated  in  this  table  in  jeara. 


10 


12  to  14 


12  to  16 


17  to  25 


e  times  of  eraption  given  in  the  above  tables  are  only  approxi- 
the  limits  of  variation  being  tolerably  wide.  Some  children  may 
sir  first  teeth  before  the  age  of  six  months,  and  others  not  till 
the  twelfth  month.  In  nearly  all  cases  the  two  central  inciaora 
lower  jaw  are  cut  first,  these  being  succeeded  after  a  short  inter- 
thefonr  incisors  of  the  upper 'jaw;  next  follow  the  lateral  in- 
>f  the  lower  jaw,  and  so  on  as  indicated  in  the  table  till  the  com- 
of  the  milk  dentition  at  about  the  age  of  two  years.  Certain 
\  affecting  the  bony  skeleton,  6.g.,  Bickets,  retard  the  eruptive 
considerably. 

milk-teeth  usually  come  through  in  batches,  each  period  of 
Q  being  succeeded  by  one  of  quiescence  lasting  sometin^es  several 
.  The  milk-teeth  should  be  in  use  from  the  age  of  two  up  to 
a  few  months  of  the  time  for  their  successors  to  appear.  Their 
►n  serves  the  purpose  of  preserving  the  necessary  space  sufficient 
succeeding  permanent  teeth  to  occupy. 

important  to  notice  that  it  is  a  molar  which  is  the  first  tooth  to 
n  the  permanent  dentition,  not  an  incisor  as  in  the  case  of  the 
iry  set,  and  also  that  it  appears  behind  the  last  deciduous  molar 

side. 

third  molars,  often  called  Wisdoms,  are  sometimes  unerupted 
1  life  from  want  of  sufficient  jaw  space  and  the  presence  of  the 
*eth:  and  in  highly  civilized  races  there  are  evidences  to  show 
ey  are  in  process  of  suppression  from  the  dental  series;  cases  of 
families  in  which  their  absence  is  a  characteristic  feature  being 
aally  met  with. 

en  the  teeth  are  fully  erupted  it  will  be  observed  that  the  upper 
J  and  canines  project  obliquely  over  the  lower  front  teeth  and  the 
il  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those  of 
Tcsponding  teeth  in  the  lower  jaw.  This  arrangement  allows  to 
xtent  of  a  scissor-like  action  in  dividing  and  biting  food  in  the 
■  incisors;  and  a  grinding  motion  in  that  of  the  bicuspids  and 
'  when  the  side  to  side  movements  of  the  lower  jaw  bring  the  ex- 
cusps  of  the  lower  teeth  into  direct  articulation  with  those  of  the 
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upper,  and  then  cause  them  to  glide  down  the  inclined  sarfaoes  o^. 
external  and  up  the  internal  cusps  of  these  same  upper  teeth  du^^ 
the  act  of  mastication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  hisinda^^ 
Besides  being  a  firmly  implanted  tooth  and  one  of  stronger  subBteH^ 
than  the  others,  the  canine  tooth  is  important  in  preserving  the  Bhij^ 
of  the  angle  of  the  mouth,  and  by  its  shape,  whether  pointed  or  Umilr 
long  or  short,  becomes  a  character  tooth  of  the  dentition  as  a  whole  i^ 
both  males  and  females. 

Another  feature  in  the  fully  developed  and  properly  articulated  80k 
of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  that  each  toodi 
antagonizes  with  two,  except  the  upper  Wisdom,  usually  a  small  tootlu 
This  is  the  result  of  the  greater  width  of  the  upper  inciaors,  which  m^ 
arranges  the  ''bite''  of  the  other  teeth  that  the  lower  canine  cloeeeiii 
front  of  the  upper  one. 

Should  a  tooth  be  lost,  therefor?,  it  does  not  follow  thai  its  fomur 
opponent  remaining  in  the  mouth  is  rendered  useless  and  thereby  liato 
to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion  commonlf 
seen  in  teeth  that  have  no  work  to  perform  by  reason  of  absence  of  VDr 
tagonists. 

It  is  worthy  of  note  that  from  the  age  of  four  years  to  the  shedding' 
of  the  first  milk-tooth  the  child  has  no  fewer  than  forty-eight  teeth, 
twenty  milk-teeth  and  twenty-eight  calcified  germs  of  permanent  teetk 
(all  in  fact  except  the  four  wisdom  teeth,  which  show  no  signs  of  devel* 
opment  until  the  third  year). 

Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  possessing  a  crotan,  neck,  and  rori 
or  roots. 

The  crown  is  the  portion  which  projects  beyond  the  level  of  the 
gum.  The  7ieck  is  that  constricted  portion  just  below  the  crown  which 
is  embraced  by  the  free  edges  of  the  gum,  and  the  root  includes  all  be^ 
low  this. 

On  making  longitudinal  and  transverse  sections  through  its  centrv 
(fig.  73,  A,  b),  a  tooth  is  found  to  be  principally  composed  of  a  hzii 
material,  dentine  or  ivory,  which  is  hollowed  out  into  a  central  cavity 
which  resembles  in  general  shape  the  outline  of  the  tooth,  and  is  called 
the  pulp  cavity  from  its  containing  the  very  vascular  and  sensitive  pulp. 

The  tooth  pulp  is  composed  of  fibrous  connective  tissue,  blood-vessela, 
nerves,  and  large  numbers  of  cells  of  varying  shapes,  e,g,,  fusiform,  stel- 
late, and  on  the  surface  in  close  connection  with  the  dentine  a  specialized 
layer  of  cells  called  odontoblasts,  which  are  elongated  columnar-looking 
oells  with  a  large  nucleus  at  the  tapering  ends  or  those  farthest  from 
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ib  kniine  (the  lajer  is  eometinies  mentioned  hb  the  membrana  eborif^^ 
I  Irom  the  tenacity  with  which  it  clings  to  the  dentine),  all  are  imbedded 
in  a  mucoid  gelatinoni  matrix. 

The  blood -vesBels  and  nerves  enter  the  pulp  through  a  small  opening 
;  the  apical  extremity  of  each  root.  The  exact  terminations  of  the 
aerres  are  not  definitely  known.  They  have  never  been  observed  to 
enter  the  dentinal  tubes,  but  they  are  probably  connected  with  the  fibrils 
k  those  tubes  through  the  intervention  of  the  odontoblasts  and  deeper 
I  tjer  of  cells.     No  lymphatics  have  been  traced  to  the  pulp, 

A  layer  of  very  hard  calcareous  matter,  the  enmneft  caps  that  part 
I  «f  the  dentine  which  projects  beyond  the  level  of  the  gum ;  while  sheath- 


flf.  71^— JL  LoDgltudiaal  section  of  &  fiaman  mol&r  tooth;  c,  oemeot;  d,  dentine;  e,  eoftmel;  t\ 
INtlp  cavity  ^Owenj.    b,  Trangvcirse  s^ctioo.    The  lettex^  indicate  tb«  same  clb  in  a. 

ig  the  portion  of  dentine  which  is  beneath  the  level  of  the  gum,  is  a 
ijerof  true  bone,  called  the  remefit  or  rruHta  peirom. 

The  enamel  and  cement  are  very  thin  at  the  neck  of  the  tooth  where 
ley  come  i^  contact,  the  cement  overlapping  the  enamel.  A  thin  epi- 
lehsl  and  horny  membrane  {enamel  cuiidCj  or  J<  mm  tithes  inembrane) 
vers  the  outer  surface  of  the  enamel  on  unworn  teeth*  It  is  formed  of 
fliort  flattened  prisms  which  are  the  remains  of  the  uucalcitied  last- 
formed  portions  of  the  enamel  prisms.  The  enamel  becomes  thicker 
Ethe  crown,  and  the  cement  toward  the  lower  end  or  apex  of  the 
mieal  Composition, — Dentine  closely  resembles  bone  in  chemical 
ition.  It  con  tiding,  however,  rather  leas  animal  matter;  the  pro- 
portion in  a  hundred  parts  being  about  twenty-eight  animal  to  seventy- 
^o  of  eartkt/.  The  former,  like  liie  animal  matter  of  bone,  may  be 
^^yed  into  gelatin  by  boiling.  It  also  contains  a  trace  oi  fat.  The 
^^H^  matter  is  made  up  chiefly  of  mldum  phmphate,  with  a  small  por- 


L-'Dentine  or  Jtforjf. 
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tion  of  the  carbonate,  and  traces  of  calcium  fluoride  and  ma^nmum 

phosphate, 

Sfntctnre. — Under  the  microscope  dentine  la  seen  to  be  finelj  chau- 
nelled  by  a  multitude  of  delicate  tubes,  which,  bj  their  inner  endi  com- 


ftg,  74.— Premolar  tooth  of  cat  in  Mitu. 


municate  with  the  piilp-carity,  and  by  their  outer  extremities  come  into 
contact  with  the  under  part  of  the  enamel  and  cement,  and  sometimes 


Fii^.  73,— SbctioD  of  a  iK^rt-louof  the  dentin*^  and  ceruntit  frrym  tbeiiikUlle  nf  the  root  nf  an  iocluM 
lootjtu  a,  Deutai  tubuU  ramlf jtng  asui  lenuluatiDf;,  some^  of  lliem  Id  the  UiCericlobiiLiir  spao«8  /•  n^ 
c,  wMch  feom«whAt  resemble  bijiBe  lAoutift>:  d,  Iniier  lnjer  of  tlie  oemetit  with  ounieruUft  doiia^  Ml 
cAAalioull;  e^  outer  la3'«r  of  cement:  /.  lacuna*;  q,  CAaalicuil.    x  390.    (K01Uker.> 

even  penetrate  them  for  a  greater  or  less  dishmce  (figs.  75,  77).  The 
matrix  in  which  these  tubes  lie  is  composed  of  "a  reticulum  of  fine 
fibres  of  connective  tissue  modified  by  calcification,  and  where  that  pro 
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8  is  complete,  entirely  hidden  by  the  densely  deposited  lime  salts '' 
ammery). 

In  their  course  from  the  pulp-cavity  to  the  surface  the  minute  tubes 
rm  gentle  and  nearly  parallel  curves  and  divide  and  subdivide  dicho- 
mously,  but  without  much  lessening  of  their  calibre  until  they  are 
jproaching  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary  canals^ 
hich  extend  into  the  dentine  between  the  tubules  and  anastomose  with 
kch  other.  The  tubules  of  the  dentine,  the  average  diameter  of  which 
t  their  inner  and  larger  extremity  is  ^-^  of  an  inch,  contain  fine  pro- 
)ugations  from  the  tooth-pulp,  which  give  the  dentine  a  certain  faint 
ensitiveness  under  ordinary  circumstances  and,  without  doubt,  have  to 
lo  also  with  its  nutrition.  These  prolongations  from  the  tooth-pulp 
ire  probably  processes  of  the  dentine-cells  or  odoyitoblasts  which  are 
branched  cells  lining  the  pulp-cavity;  the  relation  of  these  processes  to 
the  tubules  in  which  they  lie  being  precisely  similar  to  that  of  the  pre- 
cedes of  the  bone-corpuscles  to  the  canaliculi  of  bone.  The  outer  portion 
of  the  dentine,  underlying  the  cement,  and  the  enamel  to  a  much  lesser 
degree,  forms  a  more  or  less  distinct  layer  termed  the  granular  or  i';j- 
ifrgkbular  layer.  It  is  characterized  by  the  presence  of  a  number  of 
irregular  minute  cell-like  cavities,  much  more  closely  packed  than  the 
lacuuae  in  the  cement,  and  communicating  with  one  another  and  with  the 
«uds  of  the  dentine-tubes  (fig.  75,  b,  c),  and  containing  cells  like  bone- 
corpuscles. 

II. — Enamel, 

Chemkal  Composition. — The  enameU  which  is  by  far  the  hardest  por- 
ion  of  a  tooth,  is  composed,  chemically,  of  the  same  elements  that  enter 
nio  the  composition  of  dentine  and  bone.  Its  animal  matter,  how- 
ver,  amounts  only  to  about  2  or  3  per  cent.  It  contains  a  larger  pro- 
ortion  of  inorganic  matter  and  is  harder  than  anv  other  tissue  in  the 

Sf/'ffrfnre. — Examined  under  the  microscope,  enamel  is  found  com- 
'?ed  of  fine  hexagonal  fibres  (figs.  TG,  77)  -^-^}^J■^i  of  an  inch  in  diameter, 
fjich  are  set  on  end  on  the  surface  of  the  dentine,  and  fit  into  corre- 
onding  depressions  in  the  same. 

They  radiate  in  such  a  manner  from  the  dentine  that  at  the  top  of 
e  tooth  they  are  more  or  less  vertical,  wliile  toward  the  sides  they  tend 

the  horizontal  direction.  Like  the  dentine  tubules,  they  are  not 
aight,  but  disposed  in  wavy  and  i)arallel  curves.  The  fibres  are 
irked  by  transverse  lines,  and  are  mostly  solid,  but  some  of  them  may 
itiiin  a  very  minute  canal. 

The  enamel-prisms  are  connected  together  by  a  very  minute  quantity 
hyaline  cement-substance.     In  the  deeper  part  of  badly  formed  en- 
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amels,  between  the  prisms,  are  small  lacuna,  or  '^  interglobular  spaces* 
which  have  the  processes  or  fibrils  of  the  dentine  tubes  in  connection  wift 
them  (fig.  77,  c). 

A 


Fig.  76.— Enamel  fibres.    A,  Frafmencs  and  single  fibres  of  the  tnamffntt^^/ttMtA  f 
Isolated  bv  the  action  of  hydrochloric  acid.    B,  Surface  of  a  small  fragment   '  .    .  _ 

hexagonal  ends  of  the  fibres  with  darker  centres,  or  not  so  highly  cal<»led. 


III. — Crust  a  Petrosa. 

The  crusta  petrosa^  or  cement  (fig.  75,  e,  d),  is  composed  of  tme  bone, 
and  in  it  are  lacunae  (/)  and  canaliculi  (g),  which  sometimes  communi* 
cate  with  the  outer  finely  branched  ends  of  the  dentine  tubules,  and 
generally  with  the  interglobular  spaces.  Its  laminse  are  as  it  were  bolted 
together  by  perforating  fibres  like  those  of  ordinary  bone  (Sharpe/» 
fibres).  Cement  differs  from  ordinary  bone  in  possessing  no  HaTersian 
canals,  or,  if  at  all,  only  in  the  thickest  part.  Such  canals  are  more 
often  met  with  in  teeth  with  the  cement  hypertrophied  than  in  the 
normal  tooth. 

Development  of  the  Teeth. 

Developmeyit  of  the  Teeth, — The  first  step  in  the  development  of  the 
teeth  consists  in  a  downward  growth  (fig.  78,  A,  1)  from  the  Rete  Mai- 
pighi  or  the  deeper  layer  of  stratified  epithelium  of  the  mucous  mem* 
brane  of  the  mouth,  which  first  becomes  thickened  in  the  neighborhood 
of  the  maxillse  or  jaws  now  in  the  course  of  formation.  This  procesa 
passes  downward  into  a  recess  of  the  imperfectly  developed  tissue  of  the 
embryonic  jaw.  The  downward  epithelial  growth  forms  the  priman/ 
enamel  organ  or  eyiamcl  germ,  and  its  position  is  indicated  by  a  slight 
groove  in  the  mucous  membrane  of  the  jaw.  The  next  step  in  the  pro- 
cess consists  in  the  elongation  downward  of  the  enamel  groove  and  of 
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lel  germ  and  the  iiidintttion  outward  of  the  deeper  part  (fig. 
"'),  which  is  now  iijcliiied  at  an  angle  with  tlie  uppur  portion  or 
f),  and  hiis  becnm©  bulhous.  After  this  there  is  an  increased  de- 
lent  at  certain  points  corresponding  to  the  situations  of  the  fntnre 
5eth.  The  enamel  germ,  or  common  enamei  germ,  as  it  may  b© 
becomes  divided  at  its  deeper  portion,  or  extended  by  further 


l2*ff 


ff*    V 


^■m 


V.v? 


V 


I 

■i^Tblu 
■p:   c, 


*^U^^ 


Wmi" 


iS 


Tblu  »ei.  tiHOD  of  the  eniimel  and  a  part  of  the  denUne.     a,  rutleiilar  ^»eiyc1e  <^l  the 
■  tuhmne);  b,  f^namel  fUtir^a  or  columna  with  fissyiv**  bt^tween   them   fttid 
'-s  in  the  enamel,  eotnmuuicAttng  with  the  extremities  of  stmie  of 
lULirautj'  K     (fCclllJker.) 

TI.^-^>*,  r  iiK*r  law  of  a  fcetal  sheep.    A.— 1.  Common  enamel  gi?rm  dipplnj? down 

M»i'  iijt-  2.  pauitiiie  proc>e«Ka  t^f  Jaw;  ,%  rete  MalplKhl     B.— Section  Binnlur  ta  A, 

EKir  of  ilie  special  etiamel  ^i^rma  here  becoming  najik-slmped;  r,  c\  finitir^lurii 

;  r,  i'H^yof  special  enamel  ^erin,    t\— A  lat*»r»taee;  r,  outlin*  of  t^pitliHiiini  of 

i«w'k  of  tituiiuel  iftrm;  /*,  eoamel  oriran:  p,  papilla:  *,  dental  *iac  fonniiia:;  /».  the  *»niimel 
jermooent  tooth;  rw,  bone  of  jaw;  v,  veaa45laciJt  ficrosa,    iWalileyer  and  KOlltKer.)    Copit^d 


^nto  a  number  of  special  enamel  germs  corresponding  to  each 
■ove-mentioned  milk-teeth,  and  connected  to  the  common  ^erm 
llTowneck-  Each  tooth  is  thus  placed  in  its  own  special  recess  in 
Iponic  jaw  (tig.  78,  b,  //). 
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Ab  these  changes  proceed,  there  grows  up  from  the  underlying  fc 
into  each  enamel  germ  (iig.  7t^>  c,p),  a  distinct  vaeeular /;a//i7//i  (il« 
papilia),  and  upon  it  the  enamel  germ  becomes  moulded,  and  preail 
the  uppeunitice  of  a  cup  uf  two  layers  of  epithelium  separated  by  mi 
tergal  (fig*  78,  c,f).  While  part  of  the  sub-epithelial  tissue  is  elevsl 
to  form  the  dental  pupillie,  the  part  which  bounds  the  embryonic  ieB 
forms  the  dental  sacs  (fig,  78,  c,  #) ;  and  the  rudiment  of  the  jaw^atfin 
a  bony  gutter  in  which  the  teeth  germs  lie,  sends  up  processes  tormn 
partitions  between  the  teeth.  In  this  way  small  chambers  are  prodooe 
in  which  the  dental  sacs  are  contained,  and  thus  the  sockets  of  the  teetl 
are  formed.  Tlie  papilla,  which  u  really  part  of  the  dental  sac  (if  on 
thinks  of  this  as  the  whole  of  the  sub-epithelial  tissue  surrounding  th 
enamel  org?in  and  intcrpoijcd  between  the  enamel  germ  and  the  detelol 
ing  bony  jaw),  is  composed  of  nucleated  cells  arranged  in  a  meshworl 


fig  ni^^lArt  of  sM^tioD  *^f  developing  tooth  of  a  vounfr  rtit,  tthowinK  tbe  mode  of  depotitta 

IIm dentine.    Highly  inn^nifieil.    *i,  Outer  Ifiyr^^r  t^.^i.-  r  ..„.^.<  .\...>.^,,^^  *.  ..T,-.,,L..rt^i  .,.«»rtY  i 

ooe  or  two  nodulf  a  of  raicnre^im  matter  ne.t  i 

iDtoUliedeiuiiie:  »/,  pulp;  ♦•,  fiiHlfonii  or  \v. 

oells  of  uuJp  in  fLbroua  coiiDwtivt»  ti^^ue.     1...    .^-u,  u  .r,  .^.^^^u^-i  ,,,  t«t,iuii.c,  ,^ii.^..  ^_,  .  > 

CAk'ideJ  iii&trlx  but  not  the  enlcifled  part.    <.E.  A.  HcbM^r.) 

the  outer  or  peripheral  purt  being  covered  with  a  layer  of  columnar  i 
cleated  cells  csilled  oduntuhlnsts.     The  odontoblasts  possibly  form 
dentine,  while  the  remainder  of  the  papilla  forms  the  tooth-pulp, 
method  of  the  formation  of  the  dentine  from  the  odontoblasts  is  saic 
be  as  follows:  The  cells  elongate  at  their  outer  part,  and  tliese  procet 
are  directly  converted  into  the  tubules  of  dentine  (fig,  79,  r),  and, 
cording  to  some,  into  tlic  contained  fibrils  as  welb     The  continued  i 
mation  of  dentine  proceeds  by  the  elongation  of  the  odontoblasts,  i 
their  subsequent  conversion  by  a  process  of  calcification  into  dentine 
bules.     The  moi*t  recently  formed  tubules  are  not  immediately  ciilcif 
The  deatine  fibrils  contained  in  the  tubules  are  said,  by  others,  to 
formed  from  processes  of  the  deeper  layer  of  odontoblasts,  w*hich 
wedy-ed  in  between  tlie  cells  of  the  superficial  layer  (fig.  79, «»)  which  it 
the  tubules  only.     Tiiere  are  severnl  theories  upon  these  points. 
matrix,  according  to  more  recent  views,  is  formed  by  a  calcificatioi 
the  fibrous  connective  tissue  developed  in  the  papilla. 

Since  the  papillae  are  to  form  the  main  portion  of  each  toothy  !•#, 
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itone,  each  of  them  early  takes  the  shupe  of  the  crown  of  the  tooth 

^fbich  it  corresponds.     As  the  dentine  increuses  in  thickness  the 

diminish,  and  at  last  when  the  touth  is  cut  only  n  snuiU  amount 

lepfipiUa  remains  as  the  deutal  pulp,  and  is  supplied  by  vessels  and 

res  which  enter  at  the  end  of  the  root.     The  shape  of  the  crown  of 

■tooth  is  taken  by  the  corresponcling  papilla,  and  that  of  the  single 

^le  root  by  the  subsequent  constriction  below  the  crown,  or  by 

ion  of  the  lower  part  of  the  papilla.     The  number  of  roots  being 

^rnhjidowed  by  the  number  of  arteries  going  to  the  papilla.     The  roots 


Fk JTi  -Vatical  tmnaTerse  section  of  the  dental  sac,  pulp,  etc.,  of  a  kitten,  a.  Dental  pftpilla 
ZBt"  '  ^^*^*P  <*'  iieotine  formed  upon  tlie  sumuiit;  r,  m  t-'overinp  of  enamel;  d,  iuoer  layer  of 
qMUieJluiu  of  tiie  enamel  orfraii;  f,  ji^elAtinouH  il«wue;  /,  out*?r  epithelial  layor  of  tlje enamel  organ ; 
f.  lEnirr  layer,  ami  h,  outer  liiver  of  dental  aac.     x  U.    (Thierscli,  > 


layer,  ami  h,  outer  hiyer  of  dental  aac.    x  U.    cThierscli,  > 

ttenot  completely  formed  at  the  time  of  the  eruption  of  the  teeth,  bat 

•otefjueotly. 

The  enamel  cap  is  found  later  on  to  consist  {^g,  80,  */,  f*/)  of  four 

^U:  (1)  an  inner  membrane,  composed  of  a  layer  of  columnar  epithe- 

bm  in  contact  with  the  dentine,  called  enamel  cells ;  (2)  outside  of 
Bftse  one  or  more  layers  of  small  polyhedral  nucleated  cells  (strain m  hi- 
Knneriium  of  Ilannover)]  (3)  an  outer  membrane  of  several  luyers  of 
P>ithelium;  (4)  a  middle  membrane  formed  of  a  matrix  of  non-Tascular 

Elatinous  tissue,  containing  stellate  cells.  Tlie  enamel  is  formed  by  the 
amel  cells  of  the  inner  menilirane,  by  the  deposit  of  a  keratin-like 
bhfUnce,  which  subsequently  undergoea  calcificdtion  and  forms  the  first 
■per.     Other  layers  are  formed  in  the  sam^  manner,  the  cells  retiring 
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meanwhile,  until  when  the  tooth  breaks  through  the  gnm  it  is  coTeraJ 
by  an  uncalcified  layer  of  the  keratin-like  bubstance  which  is  caDed 
Nasmyth's  membrane.  At  this  time  the  other  layers  of  the  enamel  oip 
have  disappeared. 

The  cei)ient  or  crusta  peirosa  is  formed  from  the  internal  tissaecf 
the  tooth  sacy  the  structure  and  function  of  which  are  identical  will 
those  of  the  osteogenetic  layer  of  the  periosteum,  or,  in  other  words,  os- 
sification in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  formi 
the  fibrous  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a  metal  | 
of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction  with ' 
the  pulp  a  source  of  nourishment  to  it.     Additional  laminsd  of  cemcat  ] 
are  added  to  the  root  from  time  to  time  during  the  life  of  the  tooth,*  ' 
especially  well  seen  in  the  abnormal  condition  called  exostosis,  by  tht 
process  of  calcification  taking  place  in  the  periosteum.     On  the  other 
hand  absorption  of  the  root  may  equally  occur  through  the  same  mem* 
brane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed; 
and  each  tooth,  by  degrees  developing,  presses  at  length  on  the  wall  of 
the  sac  inclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  familitf 
phriise. 

The  temporary  or  milk'teeth  are  speedily  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  thenu 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  nt 
which  is  developed  from  a  small  sac  set  by,  so  to  speak,  from  the  sac  of 
the  temporary  tooth  which  precedes  it,  and  called  the  cavity  of  remm 
(fig.  78,  Cyfp).  Thus  the  temporary  incisors  and  canines  are  succeeded 
by  the  corresponding  permanent  ones,  the  temporary  first  molar  by  tht 
first  bicuspid,  the  temporary  second  molar  develops  two  offshoot^  out 
for  the  second  bicuspid,  the  other  for  the  permanent  first  molar.  Tho 
permanent  second  molar  is  budded  off  from  the  first  permanent  moltf 
and  the  wisdom  from  the  permanent  second  molar. 

The  development  of  the  temporary  teeth  is  said  to  commence  about 
the  sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bonj 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form  aboat 
the  sixteenth  week  of  intra-uterine  life. 

The  second  permanent  molars  are  believed  to  originate  about  tho 
third  month  after  birth,  and  the  wisdom  teeth  about  the  third  year. 
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III.  Muscular  Tissue, 

There  are  twa  chief  kinds  of  muscular  tisgue^  differing  both  in  mi- 
|ite  structure  as  well  as  in  mode  of  action,  viz.,  (1.)  the  plain  or  ?wn' 
riatedf  and  (2.)  the  driated. 

Unstriped  or  Plain  Muscle. 

Distribuiiotu — ^Unstriped  muscle  forms  the  proper  muscular  coati 
1)  of  the  digestive  canal  from  the  middle  of  tlitr  a^eophagua  to  the  iu- 
ual  sphincttT  ani;  (2.)  of  the  ureters  uod  urinary  bladder;  (3,)  of  the 
chea  and  bronchi;  (4.)  of  the  ducts  of  glands;  {5»)  of  the  gall-blad- 
der; (ti,)  of  the  vesicular  seminales;  (T,)  of  the  pregnant  uterus;  (8.)  of 
kesseU  and  lymphatics;  (9,)  of  the  iris,  and  fiome  other  parts  of 


I  i(  muscle  cells  from  (Iih  in»-st'utery  of  tt  n«wt.    The  slunttli  t^xhibits  Itahb- 

H^  FrriTH  a  simiilar  pivi^arutioD,  tihowiiig  that  r^oc^li  iiii).>»cle  cell  eoti!^ititt<^  of 

11  F  (eoDtracliU^  J>iii't  >,  coiiijn;l*^  witlj  Hjo  iiitra-oucti'iir  uKwork,  N,  and!  «. 

I  atiUidas  ihu'keiJld^,  8t>    TUm  celb*  aliow  varitXKiiiltfa  duy  to  kn-'al  eouLractioa,  atid  on 

B  Urn  iauiiLftr  tiuckeDiiig:ii  aru  most  niark^.     x  4^.    ^Kletn  and  ^ioble  l^uiJLk ) 

>eya    This  form  of  tissue  also  enters  largely  into  the  composition 
10.)  of  the  tuniat  darffhs^ihe  contniction  of  which  is  the  prineipal  cause 
the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold. 
^fiBtripod  muscular  tissue  occurs  largely  also  in  the  true  skin  generally, 
;  especially  abundant  in  the  interspaces  between  the  bases  of  the 
Uence  when  it  contracts  undiir  the  inilnencc  of  coldj  fear, 
ctricitj,  or  any  other  stimulus,  the  papilla  are  made  unusually  prom- 
Bent,  and  give  rise  to  the  jjeculiar  roughness  ol  the  skin  termed  cftiis 
rinftf  or  goo&e  skin*     It  oceura  also  in  ilio  superiieial  portion  of  the 
,  in  all  parts  where  hairs  occur,  in  the  form  uf  flattened  roundish 
n,  which  lie   alongside  tbt)   iiuir- follicles  and  sebaceous  glands. 
'paas  obliquely  from  without  inward^  cm  brace  the  sebaceous  glands, 
ltd  «re  attiched  to  the  hair-f  oil  idea  near  their  base. 
Struct urtf,—V\utrii\ieA\  muscles  are  made  up  of  elongated,  spindle- 
»pe<l,  nucloiited  cells  (fig.  HI),  wbifb  in  their  perfect  form  are  flat, 
i  about  ^Vrj  to  sV^ffo  ^^  ^**'  i^*^'l>  broad  (T  to  8/i),  and  ^j-J^  to^J-^  of  an 
^lA  ^  ^nim)  in  length— very  clear,  gnmular,  and  brittle,  so  thai 
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when  they  break  they  often  huv©  abruptly  rounded  or  sqciare  ezirem/i 
Each  cell  of  tho^e  consists  of  a  fine  sheulb,  probably  elastic;  of  acfloi 
bundle  of  librils  representing  the  contractile  substance;  and  of«na^ 
long  nucleus,  which  includes  within  a  membrane  a  fine  network  anaitO' 
mosing  at  the  poles  of  the  nncleys  with  the  contractile  fibrik  TIsi 
ends  of  fibres  are  usually  single*  someiinies  divided.  Between  the 
is  an  albumiiioas  cementing  material  or  endomydum  in  which  are  foi 


Ftg.  fiS.— Plexua  of  fauiuUes  of  im§trij>'ri  nnisiJe  o»^1(h  from  Mie  pnl 


<f  the  Guk 


connectivo-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  is  con- 
tinuoii?  with  the  endonrvsiuoi  in  the  fibrous  connective  tissue  surround 
ing  and  separating  the  bundles  of  moacle  cells. 

Striated  Muscle. 

2>«/rt^K/io«,— Striated  or  striped  niuBcle  is  found  in  the  foUo' 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus  of 
skeleton,  of  the  walls  of  the  abdomen,  etc.»  the  whole  of  those  muscles 
which  are  under  the  control  of  the  will  and  hence  termed  voluntary^iA 
well  as  certain  other  muscles,  i\(f,,  of  the  internal  ear  and  pharynx  not 
directly  under  the  control  of  the  will,  \i\i\k  the  heart. 

Sirucinre, — For  the  sake  of  description,  etriated  mugcular  tissue  may 
be  divided  into  two  ckisses.  (a*)  slrklaly  which  comprises  the  whole  of 
the  striated  muscles  of  the  body  except  (b.)  the  heart : —  i 

(a,)  Skeletal  Muscle.— In  the  ujajority  of  cases  a  skeletal  muscle 
is  inclosed  in  a  sheath  of  areolar  tissue  culled  the  vpivnfHum^  which  in 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  other  cases 
it  is  much  thinner.  The  sheatli  sends  in  partitions  which  serve  to  sup- 
port the  fuse iadi  or  bundles  of  fibres,  of  which  the  muscle  is  made  iip» 
forming  more  or  less  distinct  sheaths  for  tbem^  caUed  perimyuium.    Tbi 


tflE  stbuctuhe  op  the  blbmentary  ttbsuks. 
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I  themselves  are  supjiorted  in  their  f^isciculus  bv  a  scanty  amount 

•roolar   tissae   containing   plasma   ceils   ami    termed    eHtkimr/sitinu 

fain  the  areolar  tissue  snpperting  the  fasciculi  and  between  the  fibres 

^eantained  the  blood* vesBels  and  nervt's  of  thti  tissue. 

Tfje  Jij uscuhir  fibres  of  each  fiiseiciiIuB  are  parallel  to  one  another, 

W  generally  epeaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  term iiiati (JUS  they  may  converge  to 
their  iiiai^-rttou  into  the  tendon  of  the 
muscle.  Tlic  fasciculi  extend  througliout 
the  whole  length  of  the  muscle,  hut  they 
vary  in  size  and  in  the  number  of  their  con- 


it^  ».  FlK.&L 

Fhf.Sa.— Tmn^v^Tw,*  su*«Mini!  iliioi!_4i  iiiii-^rrilai' nttiv^H  tif  hiiiiian  toti^nu'.    TIi*^  mmsele-oorpuiclei 

tthow  iicoiiH  elenHHiLs  in  LriuiKversMei  Ht:x.'ttt»n  tM-'pckrattttl  by 

r(«|iMjrtriii!.,  ..  .  ^.    ,„:_    L jl  x  4S0.    ( KMo  und  NobK' Suiitb.) 

Flf.  INL— MuttculAi-  aiiit»  huiu  aurutao;  ilw  tdUxoltuumiL  hcIU  uottnecUng  die  twa  parte  of  lb«  llbre. 
Imad  BownuuL) 

lined  fibres,  both  in  different  muscles  and  also  in  the  same  muscle*  some 
llDjtcles  having  coarse,  others  fine  fasciculi.  In  some  aises  it  would  seem 
ftt  the  perimysium  is  altogetlier  independent  of  the  external  sheath 
fthe  muscle.  As  to  the  fibres  of  which  the  bundles  arc  made  up,  they 
re  a  distinct  elastic  sheath,  the  ,s(ifro!emmtt;  their  sijfie  varies  consid- 
bljf  their  cross-section  being  from  IOU/j  to  10/i,  and  as  regards  their 


^ — ^SF^^  *  itriped  tnuscl^flbre  of  a  water  beetle  prepnxed  with  absolute  alcohol.  A. 
nm:  B,  Kraiue  a  inembratip.  The  aanMleoinia  shows  regular  tmlglog^  Abave  atul  below 
pTi  membrane  are  m»m  th^  transpar^it  **  lateral  dt»cs.''  The  dilef  mam  of  a  muacular  oom- 
"61*  occupied  by  the  coiitnu^ttle  rliuc  csmtiiKin«*d  of  bhucuu*  el^menta.  The  subeUnoe  of  the 
wmrcaom  elements  Uah  collHct*^!  mor**  at  the  <*xtrernUy  than  in  the  oeotre:  heooeUilB 
w«j<»*o«P*f'Mit»  The  «Jiitjcal  efTeet  of  rhis  is  that  tlit*  cuutriictlle  dim  appeani  topofiMM 
I  nuc  (Viae  of  Heowuj,  Several  nuciei  of  miiscle  corpuscles,  0  and  D,  are  ahown,  and 
I  •  mlnuie  network,    x  aoa    ODeitk  and  Noble  Smith.; 


B^it  lA  cylindrical  or  is  triangular,  quadrilateral,  or  pentangular  with 
,  ai^ea.    In  length  the  ^bres  saMom  exceed  an  inch  and  a  half 
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(3,7^  nni).     It  is  thua  ovidont  that  the  samo  fibre  does  not  ei 

oiu'  eiiij  of  u  miiBcIe  to  the  other,  uud  indeed  it  is  known  thaij 
cii'uhis  iihriU  are  joined  together  by  round ud  or  angular  extr 
veigted  witli  their  propor  tihuiith  the  fiarcolemmA. 

Ejich  muscular  fibre  then  is  thus  constructed: — Extomallyl 
traiiftparent,  etrnctureleaH  membrane,  the  narcohmma^  which  in  th 
of  u  tnbnbir  iiiYesting  sheath  forms  the  outer  wall  of  the  fibre  A|^ 
contains  the  contnictile  mjaeriiti  of  which  the  fibre  is  chiefly  lM 
Hornet iniee,  from  iU  compurutive  toughness,  the  snreolemma  wiin 
untoni,  when  by  extemjion  the  contjiinod  piirt  can  be  broken  j 
and  its  presence  is  in  this  wny  bent  demonstrated.  The  (ihreftj 
pule  yelhiw  color,  itnd  apparently  marked  by  line  stride  which 
Yerselj  round  them,  in  slightly  curved  or  wholly  parallel 


A 


llr 

w  ^ 


WmSi 


«qiUilly  iimgntlltMt;  tt-,  tu  UrKiT,  muj  h^  h,  umtMf^r  colJectlotis;  c,  still  smalier;  d,  lUi 


sarcolemnw  is  a  transparent  dtruetureleiss  elastic  sheath  of  great 
anc©  which  surrounda  each  fibre  (tig.  bi}*  There  is  still  some  do 
garding  the  nature  of  the  fibrils, 

A  striated  muscle  fibre^  when  examined  with  a  sufficientl; 
power  ol  the  microscopCi  presents  the  following  ap|)eamnc6s^  lo 
dinally  :— 

(a,)  Alternate  dark  and  light  parallel  transverse  strt'iw^,  to 
this  variety  of  m uncle  ow^es  its  name,  the  depth  of  the  strip 
always  being  ilie  same. 

(b«)  With  still  higher  |>uwerB  of  the  microscope^  the  bright 
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ij  be  Men  to  be  divided  in  tho  middle  line  by  other  very  fine  trane- 
iwe  dark  lines,  eometimefl  called  IhhtV.s  line, 
(c)  Each  dark  stripe  may  algo  sometimeH  be  seen  to  be  divided  by  a 

line,  called  Henson's  disc, 
(d*)  Each  fibre  presents  an  appearance  of  longiiudinal  driation  and 
Iter  hardeiiing  in  rJcohol  may  be  divided  by  teasing  with  needles  into 
ngitudinal  fibrils,  more  or  less  cyliudricjil  or  angular,  which  are  named 
MscU  mlumns  or  mrcastyUs^  and  extend  throughout  each  fibre.  Each 
if  these  appears  to  consist  of  short  columns  connected  together  by 
bright  intervals,  the  former  are  the  sarcouR  ehmenh  of  Bowman.  They 
ajiy  poBsibJy  be  further  longitudinally  striated,  and  so  made  up  of  finer 
fimWrn  still 

After  treatment  with  reagents  the  fibre  may  be  split  up  into  trans- 
fBTse  discs. 

(f.)  On  Transverse  Section. — The  fibre  presents  most  externally, 
the  outline  of  the  sarcolonima. 

(L)  The  muscukr  substance  proper  appears  to  be  mapped  out  into 


II^^Thm*  mutmlir  fibres  runniDj?  lon^tndliiiaUj.  and  two  bundli^fi  of  flbrpR  in  fmnsr^raeie 
rbe  cati|Lliirie««,  L\  are  injeeted.     x  l^tl*^     (KIHii  ami  Nobh^  Hinith.) 


1.  M,  from  the  toagu^i.    Tb<?  cafti 


*D*11  polygonal  areas  by  clear  lines  (fig,  83)  called  Chhnhcim^H  fielih^  the 
giviog  the  appearance  of  a  mesh  work.     The  lines  represent  the 
erae  section  of  the  cementing  material  between  the  sarcostyles, 
is  called  mfroplcutni, 
te^)  Immediately  within  the  sarcolemma  in  ordinary  muscle  or  in 
lie  centre  of  the  fibre  as  in  the  muscle  of  some  insects,  are  seen  cle-ar 
OTaJ  nuclei  called  viuncle  nuclei  or  muscle  corpuscle ,  surrounding  which 
iiJ*  certain  amount  of  granular  protoplasm  (fig,  85)* 

The  appearances  of  the  muscle  fibre  when  seen  under  the  micro- 
loope,  cannot  be  said  to  be  yet  thoroughly  understood,  and  have  given 
ftio  farious  theories  as  to  tlie  atructuro  of  striped  muscle,  to  several 
whkth  it  will  be  as  well  to  aUude. 

Muscle  Caskets  (Krause)  Theory* — According  to  this  view  a 
Iflick  fihra  is  mado  up  of  transverse  compartments,  bounded  laterally 
the  aai^emiDa^  ^nd  above  and  below  by  a  fiuo  membranei  called 
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Krausffs  membrane,  which  passes  from  side  to  side  from  the 
across  the  light  stripe.  This  membrane  corresponds  to  Dobie^i  Ini^ 
The  transverse  compartments  are  divided  longitudinally  into 
ones  by  lines  which  correspond  with  the  boundaries  of  Cohnheim'iiiMV 
and  each  such  compartment  is  termed  a  muscle  casket.  Within  ftl 
middle  part  of  the  casket  is  a  muscle  prism  made  up  of  darker  lodirf 
contractile  material  called  muscle  rods,  and  above  and  below  the  mnidr 
prism  is  a  more  fluid  substance.  When  the  muscle  contracts,  the  tat 
substance  is  pressed  more  between  the  muscle  rods,  causing  them  tok 
further  away  from  one  another. 

Muscle  Reticulum  Theory.— According  to  the  views  of  catik^ 
observers  (Retzius,  Melland.  Marshall,  van  Oehuchten,  and  Gamoy),thi 


Fig.  88 


Fig.  88a. 


Fig.  88.— Transverse  section  of  one  of  the  trunk  mnscles  of  the  Hippocampus,  stained  in  chl0' 
of  gold,    citollett.) 

Fig.  88a.— Portion  of  muscle-flbro  of  Dytiacus,  showing  network  very  plainly.  One  of  the  tT 
verso  network!)  is  split  off,  and  some  of  the  longitudinal  bars  are  shown  broken  ixt,    (After  Melll^ 

part  of  fresh  muscle  which  is  stained  in  chloride  of  gold,  is  a  meshw< 
of  fibrils  which  corresponds  to  the  intracellular  meshwork  of  ordiui 
protoplasmic  cells,  i.e.,  the  spongioplasm,  and  is  the  part  which  is  1 
contractile  element  in  muscle.  The  meshwork  on  one  level  is  conneci 
with  the  meshwork  on  another  level  by  means  of  longitudinal  fibres^ 
the  junction  of  which  the  meshes  appear  more  or  less  knotted  (figs, 
and  88a).  The  longitudinal  fibres  of  the  network  are,  according  to  t 
theory,  the  chief  agents  in  the  active  contraction.  The  transverse  me 
work  is  more  passively  elastic,  and  may  be  the  cause  of  the  speedy  rel 
ation  of  muscle  after  contraction  has  ceased.  The  material  filling 
the  meshwork  is  a  more  fluid  and  non-contractile  material. 

RoUett  has  minutely  criticised  the  idea  of  the  gold-staining  s 
stance  of  the  fibre  being  the  contractile  portion.    His  views  are 
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-That  the  muBcle-fibre  consists  of  longitudinal  fibrillffi 
ether  into  muscle  cobimns,  which  are  seen  in  the  tmnsverae 
^■ohnhoim*s  fields,  and  that  the  iiitercolumiiar  miiterial  ib 
urcoplasm.  A  muscle  column  consists  of  segments  ulter- 
Eind  thick,  while  in  the  centre  of  the  thin  portion  is  a  dark 

forming  a  dot,  these  dots  in  Cohnheim's  arrangement  cor- 
t range's  membrane. 

muscle,  at  low  focus,  according  to  this  view,  the  muscle- 
»ear  dark  and  the  sarcoplaama  appears  light,  the  former  are 
h  the  granules.  At  high  focus,  t!ie  reverse  is  the  case,  but 
rcoplasma  is  now  seen  in  line  with  two  rows  of  granules 

it  in  gold -stained  preparations,  the  dark  row  of  gmnules  are 
of  the  sarcoplasma  between  the  thin  segments  of  the  muscle 
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rmm  of  the  Appearances  in  freah  miuole^flbFe.  A.  At  low  focus  Cb)  tbe  muscle 
Uu-k  and  in  a  lin«.^  wttJi  the  KmDiilea,  sarcopLasm  ll^ht.  At  hifrh  focus  (a)  thm  batdo^ 
[ijMile  coLumtua  ll^lit,  auil  two  rows  of  f^'&Dules  appBur  Lu  a  ILtiti  wttli  tho  ttrooplABm 
rilta  tbe  muscte  columtsn.    (HartiluU,  after  RoUet&.) 


lereas  the  two  rows  of  granules  do  not  correspond  with 
Iternate  with  them,  belonging  as  they  do  to  the  muscle 
i  not  to  tlie  sar  CO  plasm. 
las  thrown  considerable  light  upon  the  controversy  by  hay- 
observed  that  when  a  small  portion  of  the  living  wing- 
Lsects  is  teased  up  with  needles  in  a  small  drop  of  white  of 
GOfityles  may  easily  he  separated  from  their  surrounding 
md  may  be  actuaUif  seen  to  eoutraciy  whereas  the  aarcoplaam 
sh  property.  According  to  this  observer  such  a  sarcostyle 
Dined  thus  isolated,  both  living  and  after  treatment  with 
ents,  and  it  shows  alternate  bright  and  light  stripes,  the 
bisected  by  a  lino  which  corresponds  wtih  Krause's  mem- 
use's  membrane  divides  the  sarcostyle  into  sar  come  n^s,  which 
he  middle  the  strongly  refractive  disc-like  sarcous  element, 
id  below  it  hyaline  material,  which  is  bounded  by  Krause's 
The  sarcous  substanco  is  jj en et rated  by  canals,  which  ei- 
downward  from  the  hyaline  substance  to  the  middle. 
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Tlie  sareons  subs  tan  ee  etains  with  hjerndtoitjIiD.  A  light  intenul 
biaoct  the  sareuus  substance  if  the  fibre  U  stretched^  which  correq 
with  HenReirs  disc. 

Appearances  under  Polarized  Light.— The  appeoranoei^ 

muBclc  presents  when  viewed  under  polarized  light  yarj  accord! 
the  fibres  are  looked  at^  as  fresh  in  their  own  plasma,  or  as 
fibres  prepared  and  mounted  in  Canada  balsam. 

The  whole  of  the  living  fibre  may  bo  doubly  refracting,  tbeT 
pons  part  ai*pearing  iis  rows  of  dots  separating  transveraely  the  I 
pal  material  of  the  fibre*  Shortly,  according  to  Schafer,  it  may  b 
that  the  sarcoplasm  is  singly  refracting,  and  that  the  sm^oetjle 
great  part  doubly  refracting.  In  a  fibre  which  is  extended,  after 
been  hardened  in  alcohol  and  mounted  in  Canada  balsam,  thai 
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Tig.  90— Sarcofltykfl  from  the  wln«7-iiiiKckii  of  a wngp.  a,  a*.  SAreoBtyl«A' showtaf  dCj 
relracLloo  <T  contrBCtloa:i.  h.  A  laroott^lei  extend<*d  wtUi  ih*-  Mut'ous  i^letneiilit  sepoiwd  i 
partti.    G.  oAitxM£ j1««  nirfid^iratoiy  oKleiided  iieuiJdlBK^  (K.  A.  ScbiLfin'.) 

Fi«;.  01.— DlAiTTam  of  m  Munoomere  in  a  modemU'ljr  cxunnltHl  ottuditiun.  a.  and  In  a  con 
ooodUi<3n,  B.  K,  K«  Kr&ufie'ii  meuibnuitiii;  h,  ptafM)  of  HeoBon;  B.t.,  porireroiiB  vBTOoaA  t 
(E.  A.  8chafer0 

alternate  dark  and  light  bands,  the  former  eorroaponding  to  the 
intervals  a*?  seen  in  ordinary  light,  and  the  latter  to  the  various  elec 
When  the  fibre  is  more  contracted  the  dark  line  becomes  uarrowe 
the  aniaotropous  intervals  bronder,  but  there  is  no  interval  of  the 
on  contraction*  It  appears  further  that  the  cliromatic  portion  o: 
the  sarcostylei  is  anisotropous,  and  the  sarcoplasm  and  the  remain' 
the  fibre  is  isotropous. 

{k)  Heart  Muscle,— The  muscular  fibres  of  the  heart,  unlike 
of  most  of  the  involuntary  muscles,  are  striated;  but  although,  i 
respect,  they  resemble  the  skeletal  muscles,  they  have  distingu 
characteristics  of  their  own»  The  fibres  which  lie  side  by  side  are  i 
at  frequent  intervals  by  short  branches  (fig,  02).  The  fibres  are  a 
than  those  of  the  ordinary  striated  muscles,  and  their  striation 
marked.  No  sareolemma  can  be  discerned.  The  muscle-corpusd 
flituate  in  the  middle  of  the  substance  of  the  fibre;  and  in  correi 
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lus©  the  fibres  appeor  under  certain  conditions  subdivided 
portiona  or  *'  cells/*"  the  offsets  from  which  are  the  means  by 
Jbres  branch  and  anas  torn  oso  one  with  another. 
|ld  be  noted,  however,  that  the  heiirt  muscular  fibres  are  not 
bos  which  branch,  since  the  fibres  of  the  tongue  of  the  (rog, 
iWhere  they  are  attached  to  the  mucous  membrane,  present 
arity;  branching  muscular  fibres  havy  also  betsn  noted  in  the 
A  in  the  facial  muscles  of  other  animals.  And  again,  in  the 
which  two  kinds  of  skeletal  muscles  occur,  red  and  pale,  in 
Dscles  the  fibres  are  much  less  distinctly  striated  transversely, 
beir  longitudinal  striation  is  more  marked  than  in  the  pale 
phey  are  also  finer  than  other  skeletal  muscles.     It  should  also 


eul-  iM  fwmi  thi»h**art,    (E.  A.  Schftfer.) 


iiir.t*;: 


n  of  the  ller\•^^terlni^ft^ion  in  the  mii»culAr  fibres  of  a  snake.    <^ 
I  only  I J  ',io<h!.     6,  End  plat4^»eeti  (k)  tiurrow  i^Tirfuee,     i,Liti(,''anl  and  KU'^iu.) 

khat  in  theBe  red  muscles  the  Siircoplasm  is  much  developed, 
iLscle  nuclei  are  very  numerous,  and  may  be  situated  in  the 
the  fibre,  as  is  the  oaftc  with  heart  muscle  fibres. 
and  Nenre  Supply, — TJio  voluntary  muscles  are  freely  sup- 
\  blood-vessels;  the  capillaries  form  a  network  with  oblong 
mnd  the  fibres  on  the  outside  of  the  sarcolemma.  No  vessels 
\he  siircolemma  to  enter  the  interior  of  tlu^  fibre.  Nerves  also 
ed  freely  to  muscles;  the  voluntary  muscles  receiving  them 
icerebro-spinai  system,  and  the  unstripiMl  muscles  from  the 
c  or  ganglionic  system. 

rves  terminate  in  the  muscular  fibre  in  the  following  ways:— 
EStriped  muscle,  the  nerves  first  of  all  form  a  plexus,  called 
i  pkxus  (Arnold),  correspomling  to  each  group  of  muscle 
he  plexus  is  made  by  the  anastomosis  of  the  primitive  fibrils 
B*eylinders.     From  the  ground  plexus,  branches  pass  all,  and 
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again  anastomoaing,  form  pkxases  which  correspond  to  each  mm 
bundle — intermediary  plejtu&es.  From  these  plexuses  branches  com 
ing  of  primitive  fibrils  piiss  in  between  the  individual  fibres  and«i 
tomose.  These  fibrils  either  send  oil  finer  branches,  or  terminate  th 
selves  in  the  nuclei  of  the  muscle  cells. 

(2.)  In  striped  mnscle  the  nerves  end  in  motitrial  end-platen,  hi' 
first  formed,  as  in  the  case  of  unstriped  fibres,  ground  and  intermdd 


Fie,  U.— Two  itriped  muAel<)-f1Ur««  of  tho  1hyojr1ofiKii!i  of  frog,  a,  Nerre^-eDd  pli^;  6i 
fibres  Tet&Tliig  tbe  emJ-plAte;  e,  oerre-llbrt^  t4^rrivt Dating  After  dlTldln^  Into  bmocliea  d,  A  am 
irliicbtwoiierve-flbnMftiijistomiMe,    x  <5W.    (Amdt,:)  "" 


A 


plexuBes.  The  fibres  are,  however,  mednllated,  and  when  a  branc 
the  intermediary  plexus  passes  to  enter  a  muscle-fibre,  its  prin 
aheath  becomes  continuous  with  the  sarcolemma,  and  the  axis-cyl 
forms  a  network  of  its  fibrila  on  the  surface  of  the  fibre.  This  net 
lies  embedded  in  a  flattened  granular  masB  containing  nuclei  of  sc 
kinds;  this  is  the  moforial  end-plate  (figs,  t*3  and  94).  In  batrachi 
sides  end-plates,  there  is  another  way  in  which  the  nerves  end  in  the  m 
flbrea,  viz.,  by  rounded  extremities,  to  which  oblong  nuclei  are  attacl 
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Development* — (1.)  Ufistriped. — Tlio  cells  of  unatrip^d  muscle  aru 
Wiveil  dirtM;tly  frurn  embryonic  cells,  by  an  elongfiticm  of  the  cell,  and 
iDucltius;  the  latter  charigitig  from  a  vesicular  to  a  rod  shape. 

(1)  Striped, — Formerly  it  was  fiuppoaed  that  striated  fibres  wore 
ifiBtel  by  the  coalescence  of  seveTal  cells,  but  recently  it  has  been 
uved,  that  each  fibre  is  formed  from  a  single  cell,  the  process  inyolv- 
igau  enormous  increase  in  size,  a  multiplication  of  the  nucleus  by  fia- 
on,  and  a  ditlerentiatiou  of  the  cetNcon tents.  This  view  differs  but 
tie  from  another,  that  the  muscular  fibre  is  produced,  not  by  mnlti* 
ication  of  cells*  but  by  urningemeut  of  nuclei  in  a  growing  mass  of 
nDtoplaaiu  (answering  to  the  cull  in  the  theory  just  referred  to),  which 
Icomes  gradually  differentiated  so  as  to  assume  the  characters  of  a  fully 
ireloped  musiiilar  fibre. 

Growth  of  Muscle, — The  growth  of  musclea,  both  striated  and  non- 
riated,  U  the  result  of  an  iucreaae  both  in  the  number  and  size  of  the 
idi vidua!  elements.  In  the  jireguant  uterus  the  fibre-cells  may  become 
lluTgcd  tu  ten  times  their  origiual  Icugtb.  In  involution  of  the  uterus 
ler  parturition  the  reverse  changes  occur,  accompanied  generally  by 
ma  fatty  infiltration  of  the  tissue  and  degeneration  of  the  fibres. 

IV.  Nervous   Tissue. 

Nenrons  tissue  has  usually  been  described  aa  being  composed  of 
10  distinct  substances,  nerve-fibrea  and  nerve-cells.  The  modern 
lew  of  the  nature  of  nerve- tissue  ia,  however,  that  it  is  composed  of  one 
Jeraent  ah»ne,  called  the  neuron  or  nerve  unit,  embedded  in  and  sup* 
lorted  by  a  substance  called  neuroglia.  Thia  neuron  consists  of  a  cell 
odj,  a  number  of  branching  processes  termed  dendrifesy  and  a  long  proc- 
running  out  from  it,  the  neuraxQUj  or  axon,  which  becomes  eventu- 
ly  a  nerve- fibre.  The  nerve-cell  and  the  nerve-fibre,  are  really  parts  of 
Iflsame  anatomical  unit,  aTul  the  nervona  centres  are  made  up  of  theae 

iti^  arranged  in  <iifferent  ways  throughout  the  nervous  system  (fig  94a). 
hu  different  neurons  do  not  unite  anatomically  with  each  other,  but 
independent  units.  A  further  description  of  these  structures  will 
I  given  later. 

Nerve^Fibres, 

Wbile  the  nerve-fibre  is  really  to  be  considered  as  a  process  of  ths 
re-cell,  it  is  convenient  to  describe  it  separately, 
Varidies. — Nerve-fibres  are  of  two  kinds,  vieduUuhd  or  Ufhits JihreSf 
A  non-fHrdunaied  or  (/ray  fibres. 
Medullated  Fibres* — Each  m^dullated  nerve-fibre  is  made  up  of 
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the  following  parts: — (1.)  An  external  sheath  called  iheprimiiivBi 
sheath^  or  nucleated  sheath  of  Schwann;  (2.)  An  intermediate  or 
ing  substance  known  as  the  medullary  or  mydin  sheath,  or  whit< 
stance  of  Schwann;  and  (3)  internally  the  oarM-r^/tiufer,  primitiTe 
axis  band,  or  axial  fibre. 

Although  these  parts  can  be  made  out  in  nerrea  examined 
time  after  death,  in  a  recent  specimen  the  contents  of  the  nerve- 
appear  to  be  homogeneous.     But  by  degrees  they  undergo  changes 


kUJ 


FlpT.  94a.— DIafiTAin  Rhowiof?  the  anransrement  of  tho  neurons  or  nerre-unlta  In  the 
tura  of  the  nervous  synteni.  M.  JNVurons  I.  and  //.,  motor  neurons;  &  Neuron*  /., 
sensory  neuroiiH;  A.  AVunm,  Associative  urconiinisRural  neuron.    (.Dana.) 


show  them  to  bo  composed  of  two  different  materials.  The  into 
central  part,  occupying  tho  axis  of  tho  tube,  viz.,  the  axis-cylind 
comes  grayish,  while  the  outer  or  cortical  portion,  or  white  sul 
of  Schwann,  becomes  opaquo  and  dimly  granular  or  grumous,  as  i 
a  kind  of  coagulation.  At  the  same  time  tho  fine  outline  of  the 
ously  transparent  cylindrical  tube  is  exchanged  for  a  dark  doubl 
tour  (fig.  95,  b),  the  outer  lino  being  formed  by  the  sheath  of  th< 
the  inner  by  tho  margin  of  curdled  or  coagulated  medullary  sub 
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rjTftntiliir  muterittl  shortly  €ollt3ct6  into  littlo  masses,  which  tliietentl 
prtioDi  of  the  tubular  niunibnme;  whik*  tho  iiitermeiliatu  K|mcevs  col- 
pftj,  ^ivin^  the  fibreis  u  varicose,  or  bciidutl  appeuniiico  (lig.  95^  c  aud 
finstmd  of  the  previous  cyliutlricul  foroi.  Tho  whole  contents  of 
I  nerve- tubules  are  extremely  Boft,  for  when  auhjeoted  to  pressure 
^  rmdily  pttss  from  oiio  part  of  the  tiihuhtr  sheatii  to  another,  and 
U  cause  a  bulging  id  the  side  of  the  membrane.  They  also  readily 
pe,  on  preeenre^  from  tho  extremities  of  the  tnbuloj  in  the  form  of  u 
loiJE  or  gntnular  material. 

'he  external  nucleated  sheath  of  Schwann,  also  called  the  mu- 
ma^  is  a  pellueid  membraue  forming  the  outer  investment  of  tlie 
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^B.-  -Primitive  uerv**  rlbrt'-s,  a.  A  perfectly  fretih  tubuli'  with  a  aitiplt)  t^fufk  uiiUitie.  ji.  A 
Of  niire  iriUl  a  iiouble  e«jut/>ur  frtuu  I'^otriiTmiii'iug'  |i«>tit-t|]ortDtitj  ehnupi^.  c.  Ttm  clmii^H^ts 
r  iMlv^iwiHi,  |ir<jdyiLTJuf;  fi  vnriuoie  or  bemled  n.ppcarantjte.  n  A  tubiilti^  or  nhj-e,  the  ctiutraJ 
f  wtUelu  in  <.onsf:N^jneiiee  uf  mtill  further  changt;^,  han  auciiuiiiJiit&cl  in  «epuj'»te  }>urtiuusiviihl|i 
tsftlii  cWuij;u<*r). 

f,  Stt.— T^o  n»?r%e-flbn^  nf  soiuik'  nervp,    a.  Noclc  of  Kanvier.    a.  Ax'm-cyUad&r.    c.  31iealh 
man,  with  nuclei,    x  BOU.    iHldn  uu*l  Noble  Biuliii  J 


^bre.  Within  this  delicate  structureless  membrane  nuclei  are 
BbtttervalSf  surrounded  by  a  variable  amount  of  jjrotoplasm.  The 
f^$  structureless,  like  tlje  sarcolemma,  and  the  nuelei  apjicar  to  be 
Ml  it;  tc»gether  with  the  ]irotoplasm  which  surrounds  them  they  are 
1ilic«  of  embryonic  cells^  and  from  their  resemblance  to  the  muscle 
tticlefi  of  striated  muscle  may  be  termed  nerve'CorpuscUs.  They  are 
f  stauied  with  logwood  and  other  dyes. 

fllf  medullary  or  myelin  sheath  or  white  substance  of  Sohwann 
^i  pjijt  to  which  the  peculiar  upaque  white  aspect  of  medullaitd 
m  IB  due.     The  thickness  of  this  layer  in  iiorvi^-libres  ymi^%  ooutiid- 


H 


HANDBOOK  OF  PUYSIOUMT. 


icsei 


eiubly,  at  one  time  being  very  well  developed,  at  another  for 
very  thin  in  vestment  of  tbo  axis  cylinder.     It  is  a  ficnii^fluid,  latt; 
fitance^  and  in  the  fibre  posaesaes  a  double  contour.     It  is 
made  up  of  a  fine  reticulum  (Stilling,  Klein)^  in  the  meahes  ot\ 
ombedded  thti  bright  fatty  nnaterial.     It  stainfe  well  with  osmic  \ 

Accord ing  to  McCarthy  this  sheath  ie  composed  of  small  rodai 
ing  from  the  axiB-cylinder  to  the  external  Bheath  of  8cliwan]iJ| 
times  the  whole  space  is  occupied  by  them,  while  at  other  ilm 
rods  appear  shortened  and  compressed  laterally  into  bundles  eml 
in  some  homogeneous  subfitane^.  According  to  oth 
servers  the  sheatli  is  made  np  of  segments  whi 
either  cylindrical  or  funnid-shuped  {.sertinnj<i  of  L 
tnann).  It  is  not  definitely  decided  that  these  di 
exist  naturally  in  the  nerve- fibre.     In  nerves  harde 


ns>97. 


Fig.  98. 


Tig*  tW.— A  zioda  of  BftDTltf r  in  a  nitHlulInUHl  iit^rve- fibre,  viewed  frrmi  nbori*, 
ribeath  Is  iDierrupted.  Ktid  the  primitive  Hhmth  tkickccieil.    Copied  from  Axel  Key  mm 
X7S0.    (Klein  and  Noble  Bin)tti> 

Tig.  0S.>H1fhlv,  pole,  or  ^lutini^iiH  tierve  flbreti,  A.  From  a  branch  of  the  olfacUnry  net 
■beep;  two  dartt^border^  or  wliite  t1l»i-v«  froni  the  fifth  pair  are  aatociated  with  tiie  fiale 
flbrua.    B.  From  th»  ^yiiiimOieticuerve.     >  ■l.'iO.     cMax  bcbultw  ) 

alcohol,  it  is  possible  to  demonstrate  a  very  chromatic  recticulum 
medullary  fiheath,  which  is  supposed  to  be  of  a  horny  nature,  £ 
offers  much  resistance  both  to  chemical  reagents  and  to  digestiTc 
(hom^  reticuiurn  or  ncuro-keratin  network). 

The  axis-cyUnder  conaists  of  a  large  number  of  primitive  JS 
This  is  well  shown  in  the  cornea,  where  the  a,xis-cylinders  of 
break  up  into  minute  fibrils  which  form  terminal  networks,  and 
the  spinal  cord,  where  these  fibrilhi^  form  a  large  piirtof  the  grayr 
From  various  considerations,  such  as  its  invariable  presence  ar 
broken  continuity  in  all  nerves,  though  the  primitive  sheath  « 
medullary  sheath  muy  bo  absent,  there  can  be  little  doubt  that  th 
cylinder  is  the  essential  part  of  the  fibre,  the  other  parts  haTit 
■ttbaidiary  funotion  of  support  and  possibly  of  iniulation. 
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Nodes  of  Ranvier — At  regular  intervals  in  mostraediillated  nerYes 
the  nucleated  sheath  of  Schwann  poMesses  jurnulitr  constrietiniis;  these 
Kt(Med  noiks  of  RafHHer.  At  these  points  (fig,  97),  th©  coutin- 
nity  of  the  medullary  white  substance  is  interrupted,  and  the  primitive 
ttieath  comes  into  imtnediate  contact  with  the  axis-cylinder.  The  seg- 
ment of  the  fibre  between  two  nodes  is  termed  an  iniernf}fh\  and  the 
leDgth  of  the  internodea  varies  in  different  nerves;  their  average  is  said 
tobcl  mm.  There  is  only  one  nerve  nucleus  to  each  internode*  At 
eiich  node  the  internodes  are  united  within  the  external  sheath  by  a 
hand,  cofusiriciinq  band  of  lianvier  (fig.  101),  and  this  stains  black  with 
Iwlrer  nitrate;  the  axis-cylinders  at  the  nodes  also  are  capabla  of  being 


I 


Tte.  99,— TnuisYerse  eectioti  of  sciatic  Der%*ti  of  tli«^  nnhhiu  h&rtle'ticKl  in  cliromlc  actd  And 
iMiiiiv«t  with  piertM»rmlDe^  aoil  ^lowine  luiiiellHr  shcmth^  ppripllK-rfc  coiintH'tiv**  tissue,  aucl  intra. 
(xHjiii'iiiKr  oonaectiw  U«sue.  >:  560  and  retluced  oae-tmif.  n^  F^rifasGiuular  coDnecdve  ttssup;  b^ 
i  ^Mlaj^ttbeftUi;  c^  IbtrA-faBciciilAr  coDDective  tisBue;  dy  DerreObre  cut  ocroWi  showlOK  auclel  ot 
tile  tame ;  e,  AxkhcyliiMJtfr. 

itftined  with  the  same  reagent^  and  so  a  node  of  Eanvier  when  stained 
tith  silver  nitrate  is  marked  by  a  black  cross. 

Siu, — The  size  of  the  nerve-fibres  varies  (fig.  90);  it  is  said  that 
tktsame  fibres  may  not  preserve  the  same  diameter  through  their  whole 
>rth.  The  largest  fibres  are  found  within  the  trunks  and  branches  of 
::ic  spinal  nerves,  in  which  the  majority  measure  from  14.4/i  to  19/i  in 
diameter.  In  the  so-called  visceral  nerves  of  the  brain  and  spinal  cord 
(Bedallated  nerves  are  found,  the  diameter  of  which  varies  from  L8m  to 
3,6/1.  In  the  hypoglossal  nerve  they  are  intermediate  in  size,  and  gene- 
nUly  measure  7.2m  to  10,S/i, 

Non-medullated  Fibres, — The  fibres  of  the  second  kind  (fig.  98) 
which  are  also  called  Jibres  of  Remuk,  constitute  the  principal  part  of 
tbe  trouk  and  branches  of  the  sympathetic  nerves,  the  whole  of  the 
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ulfaotory  nerve,  and  ure  mingled  in  Tarioae  proportioiit  in  thd  i 
spioal  nerves.     They  diUer  from  the  preceding  chiefly  in  their  dm 
being  only  about  ^  to  ^  aj  large  in  their  course  witkiu  the  tmnJu  i 


F%.  100.— TrmiWTf'rseseetiMii  nf  -  turvi  of  »  *!Ht  nlKHii  x  100.— H  consiitt  of  ) 

CAMttfotilO  of  nerve- nbivii  enslnNLtl.  um  Kiippf^rtlnj^  etijMiule.  tpint-unum^  A;  each 

na« * tpeeilkt shoAib  t not  »iiRlci<  tiii is  .i  (iMiii  Uir  < piifrruriuri*  in tht? ngut«)nr fwrin 

B;  Ihe  nerve- mhrni  N  /  jitd  iM]mratiMi  irt^in  utm  luiitllier  by  eiu/uitrunum  ;  L,  lymph  sp«oe«; -U;! 
•rtery;  V,  v<*lii;  b\  fat.    Sotojewhat  cUut^nuumatic.    iV.  l>.  IhirrUi,) 

branches  of  the  nerves;  in  the  ribsence  of  the  double  contour;  in  their] 
contents  being  ii)j|mvontly  uniform;  and  in  tlitnr  having,  when  in  bun- 
dles, u  yelluwitib-gray  hue  iutiteud  of  tlie  whituneas  of  the  cerebro-spiiMJ  J 


Flff-  10!.— SRTBral  flbns  of  a  buudle  of  meilullut^  nervt^flbree  noted  upon  ligrtUveriilknElf  I 
show  |»w.ruliur  liJt^liuvifjr  of  uode?*  of  Riinvior.  N,  towunl  tlilw  ivimi:f?]]t.  Tbe  «llvt*r  has  peci«itnlt4  i 
thi'  uodfs,  Mui  ha«  MtAinwl  ih(3  ttxb  cyliuiier,  31»  f*»r  a  »tiurt  aiatanoe.  S,  th©  wmt«  aabstMi 
CKlelii  and  Nuble  tiiiiltli. » 


nerves.     These  peculiarities  depend  on  their  not  posseesing  the  out 
layer  of  inedulkry  subatiince;  their  contents  being  composed  exclueivd^ 
of  tlie  axifj-cylinder.     Yet,  since  many  nerve-fibres  nuiy  be  found  wl 
appear  iutermudiiite  in  chaructur  between  theise  two  kinds,  and  since  i 
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fibres,  as  tbcy  approach  both  their  central  and  their  peripheral 
By  lose  their  mefhillary  sheath  and  assume  many  of  the  other  charac- 

I  of  the  fine  fibres  of  the  sympathetic  eyatera,  it  is  not  necessary  to 
hpose  that  there  is  any  niaterial  diflerence  in  the  two  kinds  of  fibres* 
non-medullated  fibres  frequently  branch. 

It  is  worthy  of  note  that  in  the  fcetuSj  at  an  early  period  of  derelop- 
It,  all  nerve-fibres  are  non-medullated. 
[Nerve-tninks.— Each  nerve-trunk  is  composed  of  a  variable  num- 

of  different-sized  bundles  {fvuittih)  of  nerve-fibres  which  have  a 
Bial  sheath  (perineurium).  The  funicnli  are  inclosed  in  a  firm  fibrous 
lib  {njftneurtuni);  this  sheath  also  sends  in  processes  of  connectire 


I\e- IQK^— Sm&ll  branch  of  a  muacul&r  nerve  of  the  tro^^  near  ItB  tennioatloDt  sbowin^  di^l^fOOB 
wlDicva.    a,  into  two;  6,  into  three,    x  350.    (Xeillker,} 

me  which  connect  the  bundles  together.     In  the  funiculi  between  the 
IB  a  delicate  supporting  tissue  (the  endonenrtum). 

There  are  numerous  lymph-spaces  both  beneath  the  connective  tissue 
ref^ing  individual  nerve-fibres  and  also  beneath  that  which  surrounds 

funiculi. 

EveiT  nerve-fibre  in  its  course  proceeds  uninterruptedly  from  its  i 
fin  in  a  nerve-centre  to  near  its  destination,  whether  this  be  the  ! 
lipherj'  of  the  body,  another  nervous  centre,  or  the  same  centre  whence 
Bstied* 

Bundles  of  fibres  run  together  in  the  nerve-trunk,  but  merely  lie  in 
logttion  to  each  other;  they  do  not  unite:  even  when  they  anas- 
lose,  there  is  no  union  of  fibres,  but  only  an  interchange  of  fibres 
»een  the  anastomosing  funiculi.  Although  each  nerve-fibre  is  thus 
7 
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lingle  and  DDdivided  through  nearly  its  whole  conrae,  yet  ai   i' 
proaches  the  region  in  which  it  terminateSy  indiTidnal  fibrea  breii' ' 
into  several  Rubdivisions  before  their  final  ending. 

Nerve  Coiiaterais. — It  has  been  discovered  through  the  i 
of  Golgi,  and  confirmed  by  the  further  studies  of  Cajal  and  other  I 
atomists,  that  each  individual  nerve-fibre  in  the  central  nervoas  i 
gives  off  in  its  course  branches  which  pass  out  from  it  at  right i 
for  a  short  distance,  and  then  turn  and  run  in  various  directions, 
branches  are  called  collaterals.     They  end  in  fine,  brush-like 
tions,  known  as  end-brushes,  or  in  little  bulbous  awellinga  which  < 
in  close  contact  with  some  nerve  cell  (fig.  103). 


Tig.  103.— Terminal  ramfflcations  of  a  collateral  branch  belongliig  to  a  fibre  of  tbej 
ooluuiu  in  lumbar  conl  of  an  embryo  calf. 


These  collaterals  form  a  very  important  part  of  the  nerve-unit 
the  point  wliero  tliey  are  given  off,  there  is  usually  a  little  swelling  < 
the  neiiraxon  proper. 

The  nervc-fibro  itself  continues  on  and  finally  ends  in  various  waji 
according  to  its  function  and  the  organ  with  which  it  is  connected, 
the  nerve-centres,  that  is,  in  the  brain  and  spinal-cord,  the  differ 
nerve-fibres  end  just  as  the  collaterals  do,  by  splitting  up  into 
branches  wliicli  form  tlie  md-bnishes.  Collaterals  of  the  nerve-fibres  i 
end-brushos  are  chiefly  found  in  the  nervous  centres.  The  nerve-fih 
of  the  peripheral  nerves  end  in  the  muscles,  glands,  or  special  sens 
organs,  such  as  the  eye  and  ear.  Here,  however,  some  analogy  to 
end-brush  can  also  be  discovered.  As  the  peripheral  nerve-fibres  i 
proach  their  terminations,  they  l(»se  their  medullary  sheath,  and  con 
then  merely  of  an  axis-cylinder  and  primitive  sheath.  Tliey  then  lo 
also  the  latter,  and  only  the  axis-cylinder  is  left.     Finally,  the  iz) 
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'•jlinder  breaks  up  into  its  elementary  fibrillar,  to  etui  iti  various  ways  to 
le^iescribijil  later. 

Piexuses. — At  certain  ports  of  their  course,  nerves  form  plexttses^ 
k^hkh  tiwy  flDiistomosG  with  each  otlier,  as  in  the  case  of  the  brachial 
ifidJiimhur  plexuses.  The  objects  of  Biicli  interchauge  of  fibres  are: — 
|ffj,  togivo  to  each  nerve  passing  oif  from  the  plexna  a  wider  coouec- 
fouwitb  the  spiniil  cord  tliaii  it  would  liave  if  it  proceeded  to  its  deati- 
itjon  without  eucli  cum  muni  cat  ion  T^ith  other  uerves*      Thus,   each 

tone  by  the  widenees  of  iis  cou- 

lections  is  less  dependent  on  the 

bttgrity   of  any   single  portion, 

fletljer    of    nerve-centre    or    of 

Nprve*trunk,  from  which  it  may 

tring,     {b)  Each  part   supplied 

fOiD  a  plexus  has  widtT  relations 

(th  the  nerve-centres,  and  more 

iteusive    sympathies;     and,    by 

iiaQS  of  the  same  arrangement, 

li>ups   of   muscles    may    be   eo- 

dinated,  every    member  of  the 

Dup  receiving  motor  filaments 
1  the  same  parts  of  the  nerve- 
tre.      (c)   Any  given  part,  say 

imb,  13  less  dependent  upon  the 
igrity  of  any  one  nerve. 


Nerve-Cells. 


Fie*  IOSa.— NerviM;«ll  wtrh  short  Axts-crUnder 
from  Ui6  po«U)tior  h<-krti  o(  ihe  lutubftrcora  of  jiu 
embryo  calf  mcMisiirliig  0.53  ciu»  (After  v,  0«- 
liucbieii.) 


e  nerve-cell  is  the  nodal  and 
Dtpart  of  the  neuron,  and 
to  it  are  given  off  the  dendrites 
d  axia-cylinder  prficesa  or  neiir- 
tu.  It  consists  of  a  mass  of 
otoplasm,  of  varying  shape  and 
IB,  containing  within  it  a  nn- 
uft  and  nucleohis*  All  nerve- 
Is  give  off  a  number  of  proc* 

IBS  which  branch  out  in  various  directions,  dividing  and  sub- 
ridiDg  like  the  branches  of  a  tree,  but  never  anastomosing  with  each 
i«r  or  with  other  cells.  These  branches  are  what  have  already  been 
Brred  toaa  the  detidrlles  of  t!ie  celh  They  were  formerly  called  the //ro- 
hsmic  pracemes  (figs.  103a,  104).  It  is  thns  seen  that  the  neuron  or 
Te-nnit  consists  of  a  number  of  subdivisions,  namely,  the  cell-body 
h  its  nucleus  and  nucleolus,  the  dendrites^  or  protoplasmic  processes, 
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and  tfae  neuraxon  or  axis-cylinder  proceaa,  which  ia  continaed  on  tofom 
what  is  known  as  a  nerve-fibre.     The  nenre-cell  is  often  spoken  of  Mia* 


Fl«.  104.»Large  iMrre  cells  with  proceaf  t,  from  the  Tentnd  oorana  of  the  oord  of  num.  X  W 
On  the  cell  at  the  right  two  short  processes  of  the  cell-body  are  present,  one  or  the  other  of  wirie 
may  have  been  an  axis-cylinder  process  (Deiters).  A  similar  process  appears  also  oo  the  cell  i 
theleft. 

eluding  the  cell-body  and  its  dendrites  and  the  axis-cylinder  process  fo 
a  short  distance.     Strictly  speaking,  howeTer,  the  name  should  be  ap 


rif  .  lOik.— Multipolar  nenrcKseU  of  the  oord  of  an  embtyo  oaML 

plied  only  to  the  body  of  the  cell.      The  nerve-cell  is  provided  with  avei 
large  round  nucleus  in  which  one  or  more  nucleoli  are  visible  (fig.  104] 
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*lk%  protoplasm  of  the  cells  is  shown  hj  variouB  d jes  to  be  striated  or  re- 
Vjculated.  The  network  which  makes  up  this  cell-body  stains  mora 
t«aclilj  with  certain  dyes  and  is  called  vhrofnophilic*  The  mater  la)  which 
Ills  in  the  spaces  between  the  network  of  the  cell-body  is  called  the  para- 
^kttn.  The  cells  often  contain  deposits  of  yellowish-brown  pigment 
(6g,  105).  Thenucleiisof  the  cell  is  sometimes  reticulated.  Within  the 
Helens  is  sometimes  seen  a  nucleolus,  and  within  the  nucleolus  are 
ight  spots,  which  are  known  as  nocleohiles, 
Nerye-cells  axe  not  generally  present  in  nerTe-trunka,  but  ar§  found 


Vte;  ICKL—Oell  of  tbe  anterior  bom  of  Che  biiman  Bploal-cortt,  staJood  I17  Nlul't  Kt elbocL   <Arter 
■     ^  Edioger.j 

collections  of  nervous  tissue  called  ganglia.     They  vary  considerably 
\Aap$f  size^  and  structure  in  difterent  sitnations. 

a.  Some  nerve-cells  are  small,  generally  spherical  or  ovoid,  and  have 

( regular  uninterrupted  outline.     These  single  7ierve-ceUs  are  most  na- 

lerous  in  the  sympathetic  ganglia;  each  is  inclosed  in  a  nucleated  sheath. 

Others  (fig.  105a)  are  larger ,  and  have  one,  two»  or  more  long  proc- 

iflSQing  from  them,  the  cells   being  ctilled   respectively  unipoiar^ 

orr,  or  multipolar,  which  processes  often  divide  and  subdivide,  and 

ppear  tubular  and  filled  with  the  same  kind  of  granular  material  that  is 

uotained  within  the  cell.     These  processes  are  the  dendrites.     Generally 

j-olj  one  process  from  each  cell  is  continuous  witli  a  nerve- fibre,  the 

[foloDgation  from  the  cell  by  degrees  assuming  the  characters  of   the 
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nerve-fibre  with  which  it  is  continuous.  This  process  is  the  neni 
In  bipolar  cells  one  pole  may  be  continuous  with  a  medullttted  fibn 
the  other  with  a  nou-medullatecl  one,  or  both  poles  lua?  pass  iofco 
of  the  one  or  tlie  other  kiiuL 

Ganglion -cella  are  geoerallj  inclosed  in  a  transparent  roembi 
capsule  simitar  in  appearance  to  the  external  nucleated  sheath  of  i 
Bbrea;  within  this  capsule  is  a  layer  of  flnial!  iluttened  cells. 

The  process  of  a  nerve-cell  or  neuraxon  which  becomes  conti 
*#ith  a  nerve-fibre  is  always  oiibrnuchtnl  as  it  leaves  the  cell*  Iti 
bas  all  the  cbaracterd  of  an  axis-cyliuder,  but  soon  acquires  a  med 


Tig.  105a.— Ao  l90l»tetl  aympathetic  KanKMon*celi  of  man,  flhoviog  sheath  with  tiudi 
UnlEig^^  B.  A.  Gaai^lioQ-ciHI,  wltli  tiyelfas  niid  iiiucleolu^i,  U.  Brajicb,t*d  {irooeM  or  decu 
Unbriuiched  |irv>etM«  or  ueuraxou.    (Key  and  lirtziyiii. j     x  750. 

sheath,  and  then  nmy  bo  termed  aiierve-flbre.  This  continuity  of 
cells  and  fibres  may  bo  readily  traced  out  in  the  anterior  cornua 
gray  matter  of  the  spinal  cord.  In  many  large  branched  nerve 
distinctly  fibrillated  appearance  is  observable;  the  fibrillae  are  pi 
continuous  with  tlioso  of  tho  axis-cylinder  of  a  nerve. 

Other  points  in  tho  structure  of  nerve-cella  will  be  mentioned 
the  account  of  the  central  nervous  system. 


Nerve  TermtnationSp 


i 


Nerve-fibres  terminato  jjcripherally  IT)  four  different  ways:    1, 
terminal  subdivisions  which  pass  in  between  epithelial  cells,  a 
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own M  inter-epithelial  arborizations;  5i|  hy  motor-plates  which  lie  in 
^mDscIes;  3,  by  special  end-organa,  connected  witli  the  flenaeg  of 
lit,  hearing,  smell,  and  taste;   and,  4,  bj  various  forma  of  tactile 

1.  The  mter-epithelial  arborizatiotis  form  a  most  commoo  mode 
Bimiimtioa  of  the  sensory  nerves  of  the  body.  The  nerve- fibres  pass 
mEnrface  of  the  skin  or  my  cons  membrane;  they  then  lose  their  neu- 


nerre  terminatiomi  tn  stratified  iM&Temecit  epltheUum. 
2lu«  J    Golg1*$  r&pid  methocL 


(After  Q.  Bet- 


ma  and  myeliue  sheath,  the  bare  axia-cylinder  di?ides  and  snbdi- 
iato  minute  ramifications  which  pass  among  the  epithelial  cells 
skin  and  mticone  membrane.  In  the  varioos  glands  of  the  body 
)rm  of  termination  also  prevails.  The  hair-bulbs,  the  teeth,  and 
Ddon«  of  the  body  are  supplied  by  this  same  process  of  terminal 
Eation  (ftgg.  106,  107), 
The  motor-nerves  passing  to  the  mosclea  end  in  what  are  known 


^ 


Kfr.^B&oaarr  oerre  tenDiofttlons  In  the  epithelium  of  the  mucosa  of  the  Inferior  tocbI 
Lla  theclliatad  epliheJIum  of  tbo subglottic  rejBrioDof  the  laryQ^  c>f  a  cat  four  weelai  old. 
.  Betaha*-)  Gold's  rapid  method,  n,  Nerr^nbrea  rifling  from  the  eonnectlve-dsBua  layer 
■pIlJheiiAl  Wer*  when)  tbejr  temiluatti  la  ramified  and  free  arborlzatiomk 


9cU-plates^  the  details  of  whose  struoture  have  been  already  de- 

i. 

The  special  sensory  end-organs  will  be  described   later   in   the 

IT  on  the  Special  Senses. 

A  fourth  form  of  termination  consists  of  corpuscles  that  are  more 

encapsulated,  and  these  are  known  as  the  corpuMiex  of  Pacini^  the 

corpuscles  of  Meissner^  the  tactile  corpuMles  of  Krauae^  the  tactile 

\u$8  and  the  corpuscles  of  GoJgL 
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The  FaciniaiL  bodies  or  corptiscles  (figs.  108  and  109),  nimedi 
their  discoverer  Pacini,  also  called  corpuscles  of  Yaior^  are  little  i 
gated  oval  bodies,  eitiiated  on  some  of  the  cerebro-spioal  and  ajinpath 
nerves,  especially  the  cutaneous  nerves  of  the  hands  and  feet;  aodo 
branches  of  the  large  sympathetic  plexus  about  the  abdonii 
They  often  occur  also  on  the  nerves  of  the  mesentery,  and  are 
well  seen  even  by  the  naked  eye  in  the  mesentery  of  the  cat.     Tbeyl 
been  observed  also  in  the  pancreas,  lym- 
phatic glands,  and  thyroid  glands,  as 
well  aa  in  the  penis  of  the  eat.     Each 
corpuscle  is  attached  by  a  narrow  pediclo 
to  the  nerve  on  which  it  is  situated, 
and   is  -  formed   of  several    concentrio 
lajera  of  fine  membranei  consisting  of  a 


Fig.  108* 


FIg.lOP. 


EnlAn  oorpuaclet  anii  appn^Miclie* 
a  sheatli  whieh  1b  th«  ooutlDiuitloD  of  thit  peripberal  capsui^i  of  t.' 


Fiff.  lOS.— Ext rvml ties  of  a  nerve  nf  tb^  finger  with  FaclELian  corpuacles  attached^  abm 
ZLaturaJ  siyj*  <adaf»t*Hl  from  Henle  and  K51Uker>. 
i  Ki^.  lofl.— Pnc  iniftii  *xirpu«cl<*  of  th«  eai'u  me«entery.    The  stalk  coosiAtM  of  a 

LTirlth  ItK  thick  ovj(**r  uheAtJL    The  periph*>ral  capsules  ijf  the  Fadnlan  corpttaole 
the  outer  aheAtii  of  the  utalk.    The  inbemiiecUanr  part  beoomea  zrmich  narrower  near  the  eotral 
the  axils-cyllndt'r  Into  the  clear  oeatral  mai&    A  Eioofc4i|pX|ied  lercaJo&iioii  witli  the  eod-bulb 
•eeo  Id  the  uppt^r  part.    A  blood-T«M«l  (X>  «nteifl  the  Fa^nlfl 
hulb :  tt  ponesseA  a  si 
corpuscle.    X  100.    (Klelii  uid  Noble  Smith,) 
li. 
ID 


hyaline  ground  membrane  with  connect! ve-tiasne  fibres,  each  layer 
lined  by  endothelium  (tig,  lODJ ;  through  its  pedicle  paesea  a  single  m 
fibre,  which,  after  traversing  the  several  concentrio  layers  and   I 
immediate  spaces,  enters  a  central  cavity  and,  gradually  losing  its 
border  and  becoming  smaller,  terminates  at  or  near  the  distal  end  oi 
cavity,  in  a  knob-like  enlargement  or  in  a  bifurcation.     The  euh 
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ixnonl;  found  at  the  end  of  th©  fibre  is  said  by  PaciBi  to  re- 

Miglioncorpuade;  but  tb  is  observation  has  not  been  confirmed, 
cases  two  nerves  liave  been  eeen  Gntering  one  Pacinian  body, 
liers  a  Derve  after  passing  nnaltered  through  one  has  been  ob* 


t  of  ft  PaeinlftQ  corpuflcl©  of  the  hurriAti  flo|rer>  ahowJogth©  eDdotbeUdl  e 
llniii|Cthei?ttp*ijJe«.     X  230.     (KJi'linind  NobleSiulth.) 

[terminate  in  a  aecond  Pacinian  corpuscle.      The  physiological 
!  these  bodies  is  still  obscure, 
tactile  corpnaclea  of  Meissner  (hgs«  111^  112}  are  found  in  thd 


ip.  lU. — A  ioucii'corpxiflcle  of  Melaanpr*  from  the  Btdn  of  the  human  haxid, 

the  skin  of  the  fingers  and  toes^  or  among  its  epithelium.  They 
Dipleor  compound.  When  simple  they  are  umall,  slightly  fiat- 
isparent  bodies  composed  of  nueJeated  cells  enclosed  in  a  cap- 
en  compound  J  the  capyule  contjiins  several  small  cells.  The 
are  about  ^hr  ^^  ^^  *"^^^  ]ciig  to  ^-^  of  an  inch  wide.  The 
I  penetrates  the  corpuscle,  loses  its  myelioe  sheath,  and  dividea 
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and  subdiridos  to  form  a  series  of  arborizntions,  more  orl€»dirt; 
and  destined  for  the  different  parts  of  the  corpuscle.  The  termiflal 
borizatiotis  occupy  the  central  part  of  the  corpuscle,  and  areaurroun 
hy  a  great  uomber  of  marginal  cells*     The  touch,  or  tactile  corpas 


IV.  111.— PmpillBB  from  the  Fkin  of  the  banrl,  freed  from  ih©  cuticle  and  fxhlbliinjt  taeUta 
nildea.  a.  Bknfile  i^tapilla  t^tth  four  D^rve-flb>n>ft;  o,  tHctlte  corpu^^l*^;  ^-  nvrres  vlUi  nu 
flbUM  0  And  e.  b.  P«pilla  ti>*ariHl  w1ih  a<^tlc  ackl;  a.  cortical  iaycf  wllh  c*^Ila  Aud  fioo  ctaltfl 
menta;  6,  tactUti^  ef>r|fiJHi;lf;  Hith  traovei-He  nuclei:  c  eattfrlof  tierve  with  ci<»uiileaiiiift<ir  pa 
rluni ;  d  mid  e^  Denre'abres  wlDdiag  round  tbe  corpuscle.    X  35tk    { iLdLliker.> 


of  Meis^ner,  have  been  regarded  at  one  time  as  epithelial^  at  ano 
time  as  nervons,  but  they  are  to-day  proved  to  be  tnesodermic  cells, 
differentiated  for  tlioepecial  purpose  of  tbe  seii&e  of  touch  (Dejen 


Ttg,  lis,— End>lm1b  of  1tfftiiiie«    o,  H^ultAted  ner^e^flttre;  5,  empButo  of  corpuKia. 


3.  The  Corpuscles  of  Krause  or  End -Bulbs.— These  eii 

great  Bumbers  in  the  conjunctiva,  the  glans  peniB,  clitoris,  lips, 
and  tendon  of  man;  they  resemble  tbe  corpuscles  df  Pacini^  but 
much  fewer  concentric  layers  to  the  corpuscle,  and  contain  a  rela1 
folumiooua  central  mass  composed  of  polyhedral  cells*     In  man 
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pusdes  are  spherical  in  slmpe,  and  receive  tnauy  BeryouB  fibres  wLich 
riod  tlirough  the  oorpuacle,  and  etui  in  the  free  extremities  (fig*  113). 

4.  Tactile  Menisques. — liidifFerentregionBof  theekiiiof  man,  one 

«l8,  in  the  superficial  layers  and  in  the  Malpigbiau  layers^  iiervea 
rticb,  after  haviDg  lost  their  myeline  sheath,  divide  and  subdivide  to 
term  eitremely  beautiful  arborizations.  The  branches  of  these  arboriza- 
tions are  flattened  down,  forming  the  tactile  menisques.     These  men- 

qoesj  which  aimulate  tbe  form  of  a  leaf,  repreaent  a  mode  of  terminal 
i«noQ3  arborization  (Ranvier), 

5.  The  carpnsclea  of  Golgi  are  small  terminal  placques  placed  at  the 
mioQ  of  tendons  and  muscles,  but  belonging  luore  properly  to  tbe  tendon. 


.  lll^A  tertnkiatioa  of  a  medullAted  oerve  fibre  la  tendoa,  luwer  half  irith  convoluted  medul- 

bey  are  fosiform  in  shape  and  are  flattened  npon  the  surface  of  the 

odon  close  to  its  insertion  into  the  muscular  fibres.     They  are  composed 

a  granular  substance,  enveloped  in  several  concentric  hyaline  m^m- 

which    contain  some  nuclei.     Tbe  nerve-fibre  passes   into  this 

Itle  corpuscle,  splitting  itself  up  into  fine  terminals.     Tlie  corpuscles 

lOoIgi  are  believed  to  be  related  to  the  muscular  sense  {fig,  114). 

In  addition  to  the  special  end-organs,  sensory  fibres  may  terminate  in 

cuses,  as  in  the  sub*epithelial  and  infcra-epitbelial  plexus  of  the 


The  Neuroglia. 

The  ncnroglia,  while  not  a  nervous  tissue,  is  closely  mingled  with  ifc 
bd  forms  an  important  constituent  of  the  nervous  system.  It  consists 
t cells  giving  off  a  fine  network  of  richly  branching  fibres.  Neuroglia 
tat  one  time  considered  to  he  a  form  of  connective  tisane,  and  it  is 
^ita  functions  strictly  companihle  to  the  connective  tissue  which  sup- 
i  tbe  special  structures  of  other  organs^  like  the  lungs  and  kidney 
116).  It  is,  however,  derived  from  the  epi blast ic  cellsj  i.e.,  the 
00  cells  from  which  the  nerve- tissue  proper  also  develops.  In  tbe 
olt  animal  the  neuroglia-tissue  is  composed  of  cells  from  which  are 
eu  off  immense  numbers  of  fine  processes*     These  extend  out  in  every 
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t  the  nenroas  system  in  aeeordanoe  with  the  arrangement  of  the  ner?* 
IK  straotnres  about  it  The  cell  is  composed  of  granular  protoplasm, 
od  Ijiog  in  it  is  a  large  nadens,  within  which  is  a  nncleolos.  The 
3dj  of  the  cell  is  small  in  amount  and  proportion  to  the  nnclens. 

Weigert  has  shown  that  the  processes  of  the  nenroglia-cells  branch 
id  prolong  themselves,  forming  in  many  places  an  extremely  thick  net- 
irk.  These  processes  become  changed  in  their  chemical  and  physical 
sracters,  so  that  they  take  a  different  stain  from  that  of  the  cell-body 
elf,  and  they  thus  form  a  really  separate  strnctore,  distinct  almost 
m  the  mother-cell,  just  as  the  muscle  tissue  is  distinct  from  its  origi- 
I  oell-protoplasm,  or  just  as  the  substance  of  cartilage  is  distinct  from 
original  cell-body.  Whtte  neuroglia-tissue  is  distributed  throughout 
I  whole  of  the  nenrons  centres,  it  is  especially  deposited  in  certain  places, 
is  f  onnd  around  the  central  canal  of  the  spinal  cord,  and  upon  the 
erficial  surface  of  the  spinal  cord.  It  was  formerly  thought  to  com- 
)  part  of  the  gelatinous  substance  of  Bolando  in  the  spinal  cord,  but 
I  baa  been  shown  by  Weigert  not  to  be  the  case, 
[n  the  brain  a  deposit  of  neuroglia  is  found  beneath  the  ependymal 
ig  of  the  Tentrides,  and  upon  the  superficial  surface  of  the  gray 
ker  of  the  cortex  beneath  the  pia  mater.  It  is  distributed  to  some  ex- 
in  all  parts  of  the  brain  and  spinal  cord,  but  is  not  found  in  the 
jbend  nerves. 


CHAPTER  IV. 

THE    CHEMCAL  COMPOSITION  OF  THE  BODY. 

Of  the  known  chemical  elements  of  which  about  seventy  have  beai 
isolated  no  less  than  seventeen  combine,  in  larger  or  smaller  quantilieiy 
to  form  the  chemical  basis  of  the  animal  body. 

The  substances  which  contribute  the  largest  share  are  the  non-metaDk 
elements,  Chcf/f/t^n,  Carinmy  Htfdrotjenj  and  Nitrofjen — oxygen  and  caiboi 
making  up  altogether  about  85  per  cent  of  the  whole.  The  most  abor 
dant  of  the  metallic  elements  are  Calcium ,  Sffdiuffiy  and  Patasnum.* 

Few  of  the  elements,  however,  api)ear  fi-ee  or  uncombined  in  then 
mal  body.  They  are  generally  united  together  in  variable  proportioDB 
form  compounds.  The  only  elements  which  have  been  found  free  in  i 
body  are  oxygen,  nitrogen,  and  hydrogen,  the  first  two  in  the  blood|  ll 
hydrogen  as  well  as  oxygen  and  nitrogen  in  the  intestinal  canal. 

It  was  formerly  thought  that  the  more  complex  compounds  built  up 
by  the  animal  or  vegetable  orf/anhfuvreTe  peculiar  and  could  not  be  madi 
artificially  by  clieniists,  and  under  tliis  idea  they  were  formed  intoadii' 
tinct  class,  U»nut*d  nrtjanir.  This  idea  has  long  been  given  up,  buttSiA 
name  is  still  in  use  with  a  different  signification.  The  term  is  nowip" 
plied  sinii)ly  to  tlie  compounds  of  the  element  carbon,  irrespective  of  thtf  ' 
origin. 

A  large  number  of  the  aniuijil  organic  compounds,  particularly  thoi^ 
of  the  albuminous  group,  an*  characterized  by  their  comjdeJcUi/,  Many 
elements  ent^r  into  their  c(uui)()sit.i()n,  thereby  distinguishing  them  frol* 
sim])le  inorganic  couijKmnds.  ^Mauy  atoms  of  the  same  element  occur  iJ> 
each  molecule.  This  latter  fact  no  doubt  explains  the  reason  of  thci* 
insfnhiHtij,  Another  great  cause  of  the  instability  is  the  frequent  pre^ 
ence  of  nitrog(Mi,  which  may  be  called  negative  or  undecided  in  its  affiit^' 
ties  and  may  be  easily  separated  from  combination  with  other  elements. 

*The  following  tiible  represents  tlie  relative  proportion    of    the  various  d^ 
ments. — i  Marshall.) 


Oxyoen 72.0 

CarfHfj} 13.5 

Uydvorfen 9.1 

I^itrofjeii        ,         ,         .         .  2..") 


Fluorine    .        .        ,        .        .        .06 

Potiiiiifium 085 

Iron 01 

^tairnesiuni 00l3 


Colcinm 1.3         |  Silicon 000^ 

Phosphorus.        .        .        .  1.15         (Trae<\s  of  copper,  lead,  and  alu- 

Sulphur 1476  |        niinum) 

Sixhum  .        •        ,         .  -^  "^ 

Chlorine    .        .        .        .        .        .085     |  100 
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Animal  tissues,  containing  as  they  do  these  organic  nitrogenous  com- 
oonds,  are  extremely  prone  to  undergo  decomposition.  They  also  con- 
un  much  watery  a  circumstance  veiy  favorable  to  the  breaking  up  of  such 
ihstances.  It  is  due  to  this  tendency  to  decomposition  that  we  meet 
Ith  so  large  a  number  of  decomposition  products  among  the  chemical 
bstances  forming  the  basis  of  the  animal  body. 

The  various  substances  found  in  the  animal  organism  may  be  conven- 
itly  considered  according  to  the  following  classification :  1.  Organic — 
Nitrogenous  and  b.  Non-Nitrogenous.     2.  Inorganic, 

Organic  Substances. 

Xitrogenmis  organic  bodies  take  the  chief  part  in  forming  the  solid  tis- 
?s  of  the  body,  and  are  found  also  to  a  considerable  extent  in  the  circu- 
ing  fluids  (blood,  lymph,  chyle),  the  secretions  and  excretions.  They 
»n  contain  in  addition  to  carbon,  hydrogen,  nitrogen,  and  oxygen,  the 
jments  sulphur  and  phosphorus ;  but  although  the  composition  of  most 
them  is  approximately  known,  no  general  rational  formula  can  at  pres* 
t  be  given. 

It  will  be  convenient  to  give  an  account  of  the  Proteid  substances  in 
is  Chapter,  as  these  constitute  the  most  important  classes  of  nitrogen- 
is  organic  substances.  According  to  their  chemical  composition  or  su- 
irficial  differences  (e.^r.,  solubility)  they  are  divided  into  three  main 
asses,  viz. :  (1)  Simple  proteids,  (2)  compound  proteids,  and  (3)  albu- 
lenoids  or  proteoids.  Tlie  other  members  are  Decomposition  products,  the 
hi*?f  of  which  is  Urea,  found  for  the  most  part  in  the  urine;  Ferments ; 
?\<jmi>nts ;  and  other  bodies  and  will  be  more  appropriately  treated  of 
later  on. 

Proteids  (simple  proteids)  are  also  called  Albuminous  substances. 
They  are  the  chief  of  the  nitrogenous  organic  compounds  and  exist  in 
both  plants  and  animals,  one  or  more  of  them  entering  as  an  essential 
part  into  the  formation  of  all  living  tissue.  In  the  lympli,  chyle,  and 
blood,  they  exist  abundantly.  Very  little  is  known  with  any  certainty 
iboiit  their  chemical  composition.  Not  a  single  member  of  the  class  lias 
ret  been  synthesized.  Their  formula  is  unknown,  the  chemists  who  have 
itt^mpted  to  construct  it  differing  very  greatly  among  themselves.  In 
act  the  very  term  proteid  is  an  extremely  arbitrary  one.  It  simj)ly 
leans  a  body  which,  according  to  no])])e-Seyler,  contains  in  its  molecule 
he  elements  carV>on,  hydrogen,  nitrogen,  oxygen,  and  sul])hur,  in  certain 
rbitrary  but  varying  amounts,  thus — Carbon,  from  51.5  to  b\.5\  Hy- 
rogen,  from  0.9  to  7.3;  Nitrogen,  from  15.2  to  17. ;  Oxygen,  from 
0.9  to  23.5;  Sulphur,  fnmi  3  to  2.  Some  proteids  contain  from  .3  to 
.5  of  i>hosi)horus ;  a  small  amount  of  iron  is  usually  associated  with 
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proteidSy  but  it  is  not  certain  whether  or  not  it  is  an  int^^l  part 
molecule.  Chittenden  defines  a  proteid  as  a  substance  which  co 
carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur,  the  nitrogen  beiii 
form  which  serves  the  physiological  needs  of  the  body ;  and  yiel 
decomposition,  a  row  of  crystalline  amido-acids  and  crystalline  nit 
ous  bases ;  nearly  all  contain  52  per  cent  of  carbon  and  16  per  cent 
trogen. 

Fropertles  of  Proteids, — Proteidsare  for  the  most  part  amorpho 
non-cry stallizable.  Certain  of  the  vegetable  proteids  have,  it  ifl 
been  crystallized,  and  according  to  Hofmeister,  Qg^  albumin  is  alsc 
ble  of  crystallization.  They  possess  as  a  rule  no  power  (or  scarce! 
of  passing  through  animal  membranes.  They  are  soluble,  but  ui 
alteration  in  composition  in  strong  acids  and  alkalies ;  some  are  £ 
in  water,  others  in  neutral  saline  solutions,  some  in  dilute  acids  s 
kalies,  none  in  alcohol  or  ether.  Their  solutions  exercise  a  left-l 
action  on  polarized  light. 

The  hope  that  it  may  be  possible  in  the  immediate  future  to  s 
size  proteids  is  rendered  all  the  weaker  because  of  the  extraordina 
riety  of  compounds  obtained  by  the  decomposition  of  proteids  by  n 
chemical  methods,  the  compounds  differing  according  to  the  meth< 
ployed.  In  the  body  it  seems  clear  that  living  proteid  is  built  up 
food  supplied  to  it,  which  necessarily  contains  proteid  derived  eithe 
a  vegetable  or  an  animal  source ;  how  this  process  takes  place  we  a 
unable  to  say.  In  the  course  of  later  chapters  in  this  book  we  sh 
deavor  to  trace  the  steps  of  tlie  breaking  up  of  proteid  in  the  bod 
we  may  anticipate  by  mentioning  that  it  is  now  generally  believe 
the  ultimate  products  of  this  decomposition  are  ureay  a  body  the  f< 
of  which  is  CO(NH^).,  carf>on  dioxule  and  watery  while  the  intern: 
substances  or  by  j)roducts  are  probably  ammonia  compounds  (amm 
carlx)nat^^).  When  proteid  material  is  decomposed  by  putrefacti 
the  action  of  choniical  ivagents,  e,tj,,  acids,  alkalies,  or  by  heat,  \ 
Ixxiies  an^  produced,  of  which  amido-acids  (acids  in  which  one  or  n 
the  hydrogen  atoms  of  the  radical  of  the  acid  are  replaced  by  ami< 
KH^)  and  Iwdics  Wlonging  to  the  aromatic  or  benzene  series  predon 
Hence  it  comes  that  various  theories  of  the  way  in  which  protei< 
built  up  have  arisen.  The  one  which  has  a})i>eared  to  have  receiv 
gn\it4*st  support  is  that  of  Latham.  This  observer  has  suggeste 
prot<Md  may  ho  considered  as  made  u]>  of  a  series  of  njan-alcohoh  ( 
obtained  by  the  union  of  any  aldehyde  with  liydrocyanic  acid)  \ 
Wnzene  nuchMis.  Taking  ordinary  ethyl  alcohol,  CH^CH^OH,  j 
ty|H^,  the  aldehyde  of  which  is  (^HjCHO,  the  corresponding  cyan-a 
would  Iw  CH,OH(^N(ni. 

Proteids  give  certain  gt^neral  chemical  reactions.     They  are  a 
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fin  the  case  of  each  particulai*  substance,     Tht;  cliiuf  of  tlxeB©  are 


as 


>«fS: 


Xantho-Proteic  Reaction.— The  addition  of  *^trong  nitric 
aeid,  drop  by  dro|i,  to  a  solutiuu  of  any  jjrufceid  jirodiices  a 
lloc<*uleut  prt'ci pi tattj  which  dissolves  lu  an  excess  of  the  acid. 
The  Hulutiuu  l»e(!uaies  ntminj  t/rfifnv  in  ctdurj  whvu  hi'iilLMl, 
thiis  color  is  more  market  I  j  when  eooled,  tlie  udditiuu  of  am- 
ujonia  in  excess  changes  tlie  colur  to  orange.  The  nitric  acitl 
decomposes  the  protend  to  a  certain  exknit  and  then  nrdtes 
with  tlie  ik!coni[iosition  prodiiets,  formijjj^,  among  otiier 
things,  xantlio|>rot€*ie  aoid  which  gives  the  yellow  color.  The 
ammonia  indtes  with  tlus  and  forms  ammonium  xauthoprote- 
ate  wliich  gives  the  orange  color. 

Biuret  (Piotrowski*s)  Reaction.— With  a  trace  of  cupric 
sulj)hate  and  tin  excess  of  potassirnn  or  sodium  hydrate  i>ep- 
tones  and  proteoses  give  a  rosf  vtff  ;  with  animonia  instead  of 
the  fixed  alkalies,  a  hhw  coloration.  Most  proteids,  however, 
ive  a  r«*o/^'^  (pinkish  pur[dc)  cijlor;  thi^  color  is  cine  U*  re- 
iueed  copijcr,  cnprous  hydroxide  being  formed  along  with 
other  com|>ounds  of  red,  yellow,  and  blue  colore. 

Mi!lon*s  Reaction. — With  Mill<>n\s  reagent  (a  solution  of 
mercuric  nitrate)  jn'oteids  give  a  heavy  wliitc  jirccipitate  of 
juercuric  albuminate  which,  with  an  excess  e»f  rite  reagent,  be- 
comes brick  red  when  heated.  This  test  is  said  to  lie  due  to 
the  pi*eseuce  of  ty rosin,  an  aromatic  comiMjund  in  the  proteid 
molecule :  it  is  generally  used  for  solids  though  it  may  be 
used  for  lirpiids  alsf),  W^itb  all  substances  containing  the 
C^H/>If  grou|j,  e.ff.f  carl>olic  acid,  tliis  reagent  gives  the  sajue 
color  reaction,  though  no  precijiitate  is  formed,  the  solution 
itself  lH*eoming  red. 

Ammonium  Sulphate  Reaction.— They  are,  with  the  ex- 
ception of  peptone,  entirely  precipitated  from  their  solutions 
by  saturation  witli  amnion ium  sulphate, 

ny  of  the  proteids  give,  in  addition,  the  following  tests: 

-r.    With  excess  of  acetic  acid,  and  potassium  ferrocyauide,  a  white 

precipitate. 
vi.    With  excess  of  acetic  acid  and  a  saturated  solution  of  sodium 
sulphate,  on  boiling,  a  white  precipitate.     This  test  is  often 
K       used  to  get  rid  of  all  traces  of  proteids,  except  peptones,  from 
H       solutions. 

L 
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vii.  Boiled  with  strong  hydrochlorio  acid,  they  give  a  viold  rd 
coloration. 

viii.  With  cane  sugar  and  strong  sulphuric  add,  on  heatingi  Ikj 
give  a  purplish  coloration. 

ix.  They  are  precipitated  on  addition  of — citric  or  acetic  acid, 
and  picric  acid ;  or  citric  or  acetic  acid,  and  sodium  tungstato;  i 
or  citric  or  acetic  acid,  and  potassio-mercuric  iodide ;  and  with  j 
many  other  metallic  salts  in  solution  and  by  alcohol. 

Varieties. — Proteids  are  divided  into  classes,  chiefly  on  the  basis  of 
their  solubilities  in  various  ivagents.  Each  class,  however,  if  it  containi 
more  than  one  substance,  may  often  be  distinguished  by  other  propeitiei 
common  to  its  members.  Not  every  one  of  the  proteids  enumerated  ii 
contained  in  the  animal  tissues,  some  are  used  as  food. 

(1.)  Native.' Albumins, — These  substances  are  soluble  in  water  and 
saline  solutions,  and  are  coagulated,  i,e,y  turned  into  coagulated  pioteidi 
on  heating. 

(2.)  Albuminates, — These  are  soluble  in  acids  or  alkalies,  insoluble 
saline  solutions  and  in  water,  and  not  coagulated  on  heating. 

(3.)  Globitlins. — These  are  soluble  in  weak  saline  solutions,  in  dilntaj 
acids  and  alkalies,  and  insoluble  in  water  and  in  strong  solutions  of  neu- 
tral salts.     They  are  coagulated  on  heating. 

(4.)  Proteoses. — Tliese  are  soluble  in  water  and  dilute  saline  solutionij 
precipitated  by  saturation  witli  ammonium  sulj)hate ;  precipitated  butnd 
coagulated  by  alcohol ;  i)recii)itated  by  picric  acid :  cannot  be  coagulatal 
by  heat. 

(5.)  Peptones. — These  are  soluble  in  water,  saline  solutions,  acids,  fli 
alkalies;  not  })re('.ipitated  on  saturation  witli  any  neutral  salt;  they  an 
not  coagulated  on  heating. 

(C.)  Coaynlatrd  Proteids. — These  are  of  two  classes,  either  coagulated 
by  (a)  action  oi  ferments ,  or  (b)  heat.  These  aie  soluble  only  in  gastds 
or  pancreatic  fluids,  forming  i)eptones,  or  (with  difficulty)  in  strong  acidi 
and  alkalies. 

Native-Albumins. — Of  native-albumins  there  bx%  several  varietiesi 
(a)  egg-albumin;  (b)  serum-albumin;  (c)  lact-albumin,  etc. 

Efjg  Albumin  is  contained  in  the  white  of  the  egg. 

When  in  solution  in  water  it  is  a  transparent,  frothy,  yellowish  flai( 
neutral  or  slightly  alkaline  in  reaction.     It  gives  all  of  the  general  pi 
teid  reactions.     It  yields  8  per  cent  of  argeuin,  22.6  per  cent  of  leuoiD|d 
and  2  per  cent  of  ty rosin.  *  I 

At  a  temj)erature  not  exceeding  40°  C.  it  is  dried  up  into  a  yellowishil 
transparent,  glassy  mass,  soluble  in  water.  At  a  temperature  of  70®  0.1 
it  is  coagulatedy  i.e.,  changed  into  a  new  substance,  coagulated  prcteidj^. 
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'id  r|uite  iuBoiuble  in  wakn*.  it  is  coagiilatt'd  al.su  by  the  pruloiigt-d 
iionuf  alcohol  J  by  sbrong  mineral  at^iils,  especially  by  nitric  a^id,  also 
tannic  acid,  or  carbolic  acid;  by  ethers  the  coaguiuia  is  soluble  in 

aoda. 

t 'm  precipitated  without  coagulation,  i.e.,  forma  insoluble  compound 
the  reagent,  soluble  ou  removal  of  the  salt  by  dialysis,  with  either 
uric  chloride,  lead  acetate,  cupper  sulphate  or  silvcf  nitrate,  the  pre- 
te  in  each  case  being  soluble  in  slight  exeesa  of  the  reagent. 
Vith  strong  nitric  acid  tlie  albumm  i^  precipitHletl  at  the  puint  uf 
M^t  with  the  aeid  in  tJie  form  of  a  fine  wliite  ur  yelluvv  i  iiig. 
le rum* Albumin  is  eimtaiuetl  in  bluod-senuu,  lyinphj  serous  ami  syno- 
tauids,  and  in  tlie  tissues  generally;  it  may  hv.  prepai^ad  from  senini, 
r  removal  of  pai-aglolmliii  by  saturation  with  magnesium  sulphate,  by 
rther  saturation  with  sudiuni  sulphate.     It  a[»|iears  iu  the  urine  in  the 
itioii  kiiown^as  albuminuria. 

k  gires  siinihir  reactions  to  egg-alhumiii,  hut  differs  from  it  in  not 
\  eoagolatinl  by  ether.  It  also  diners  frum  egg-albumin  in  nut  being 
n»i^cipil^t*i*l  by  hydrochloric  acid,  and  in  the  precipiUite  being  easily 
lie  in  excess  of  that  aeid.  Serum-albumin,  either  in  the  coagulated 
recipitated  form,  is  more  sohible  in  excess  of  strong  acid  than  egg- 
nin. 

Ubuminates.— There  are  two  principal  substances  belonging  to  this 
a,  Acid-Albumin;  b,  Alkali-Albumin. 

Mf-^/^«?»m.— Acid*albumin  is  made  by  adding  small  quantities  of 
id  (of  whieli  the  iK^st  is  hydruehloric,  .4  \n^v  cent  to  1  per  cent), 
egg-  fir  seriuu-albnmin  diluted  with  live  to  ten  times  its  bulk  of 
r^'and  keeping  the  solution  at  a  temperafcure  not  higher  than  50°  C. 
bt  less  than  half  an  hour.  It  may  also  be  made  hy  dissolving  coagu- 
nativ-e-albumin  in  strong  arid^  ur  by  dissolving  atiy  of  the  globulins 
wSb*  Solid  ardd  albuminate  may  Ixs  formed  by  adding  strong  acid 
by  drop  to  a  strung  solution  of  proteid  matter  {e.g.^  undiluted  k^g'g- 
)  until  solidilieation  occurs, 
18  not  coagulated  on  heating,  but  on  exactly  neutralizing  the  solu- 
a  flocculent  prec:[utate  is  i)rodueed  (if  it  is  then  heated  to  70*^  C.  it 
coagulate  and  cainiut  then  be  distinguished  from  any  other  form  of 
alated  proteids).  This  maybe  shown  hy  adding  to  the  acid-albumin 
ion  a  little  aqueous  solution  of  litmus,  and  then  adding,  drop  by 
a  weak  solution  of  caustic  potash  from  a  burette  until  the  red 
disappears.  The  precipitate  is  the  derived-albumin.  It  is  soluble 
lute  acid,  dilute  alkalies,  and  tlibite  sohitions  of  alkaline  carbonates. 
solution  of  acid-albumin  gives  tlm  proteid  tests.  The  substance  it- 
it  eoagul  a  teil  by  strong  acids,  t\g,^  nitric  acid,  and  by  strong  alcohol; 
ioBoluble  in  distilled  water,  and  in  neutial saline  solutions;  it  is  pi-e* 
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cipitated  from  its  solutions  by  saturation  with  sodium  chloride.  OntxA* 
iiig  in  lime-water  it  is  paitially  coagulated,  and  a  further  precipita&t 
takes  place  on  addition  to  the  boiled  solution  of  calcium  chloride,  inagne* 
sium  sulphate,  or  sodium  chloride. 

Alkali' AUtuinin, — If  solutions  of  native-albumin,  or   coagulated  cr 
other  proteid,  be  treated  with  dilute  or  strong  iixed  alkali,  alkali-albomilt' 
is  produced.     Solid  alkali-albumin  (Lieberkuhn's  jelly)  may  also  be  pie- 
pared  by  adding  caustic  soda  or  potash,  drop  by  drop,  to  undiluted  egg" 
albumin,  until  the  whole  forms  a  jelly.     This  jelly  is  soluble  in  an  exeefl 
of  the  alkali  or  in  dilute  alkalies  on  boilhig.     A  solution  of  alkali-ilbr 
min  gives  the  tests  corresponding  to  those  of  acid-albumin.     It  is  i»t' 
coagulated  on  heating  except  after  neutralization,  as  in  the  case  of  usA' 
albumin.     It  is  thrown  down  on  neutralizing  its  solution,  except  inthtj 
presence  of  alkaline  pho8))hates,  in  which  case  the  solution  must  be  dirt 
tinctly  acid  before  a  pi-ecipitate  falls. 

To  differentiate  between  Acid-  and  Alkali-Albumin,  the  following 
metkoil  may  be  adopted.  Alkali-albumin  is  not  ]irecipitated  on  «xMf 
neutralization,  if  sodium  phosphate  has  been  previously  added.  Adt 
albumin  is  precipitated  on  exact  neutralization,  whether  or  not  sodiott 
phosphate  has  been  previously  added. 

Globulins. — The  globulins  give  the  general  proteid  tests;  aieinsolr 
ble  in  water;  ai-e  soluble  iu  dilute  saline  solutions;  are  soluble  in  acidi 
and  alkalies  forming  the  corresponding  derived-albumin. 

Most  of  them  are  preci})i tilted  from  their  solutions  by  saturation  wilk 
solid  sodium  chloride,  magnesium  sulphate,  or  other  neutral  salt.  Thi^ 
ai-e  coagulated,  but  at  different  temi)eratures,  on  heating. 

Globulin  or  Crf/stallin. — It  is  obtained  from  the  crystalline  lens  If 
rubbhig  it  up  with  powdered  glass,  extracthig  with  water  or  with  diW 
saline  solution,  and  by  passing  through  the  extract  a  stream  of  caiW 
iodide.  It  differs  from  other  globulins  in  not  being  precipitated  by  sti^ 
ration  with  sodium  chloride. 

Mf/osin, — The  relation  of  myosin  to  living  muscle  will  be  considerf' 
under  the  head  of  the  physiology  of  muscle.  It  may,  however,  be  prepaid 
from  dead  muscle  by  removing  all  fat,  tendon,  etc. ,  and  washing  repeated! 
in  water  until  the  washing  contains  no  trace  of  proteids,  mincing  it  aH 
then  treating  with  10  ])er  cent  solution  of  sodium  chloride,  or  simill 
solution  of  ammonium  chloride  or  magnesium  sulphate,  which  will  db 
solve  a  large  portion  into  a  viscid  fluid,  which  filters  witli  difficulty.  1 
the  viscid  filtrate  be  dropj>ed  little  by  little  into  a  large  quantity  of  dk 
tilled  water,  a  white  flocculent  ])reoipitate  of  myosin  will  occur. 

It  is  soluble  in  10  per  cent  saline  solution;  it  is  coagulated  at  60^ C 
into  coagulaU»d  proteid ;  it  is  soluble  without  change  in  very  dilute  addl 
it  is  precipitated  by  Dioric  acid«  Uio   urcciuitate  beiuK  redissolved  o 
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lifliliiig;   it  may  give   a  blue  color  with  ozonio  ether  and  tincture  of 
goaiapiim. 

}\tm<jlobuUn, — Paraglobulin  \n  coutaiiietl  in  plasma  and  in  senini,  in 
m  and  synovial  fluids,  and  may  he  preciiiitated  by  .saturating  pi  as  urn 
reui oval  of  fibrin ugeu  or  serum  with  solid  aotiium  r-lilcTride  or  iiiagne- 
sidphat^^  as  a  bulky  flocculent  subatance  wluch  can  be  removed  by 
iltratiuu. 
It  may  also  be  prepai-ed  by  diluting  idnod  semm  with  ten  volumes  of 
ter,  and  passing  carbonic  aeid  gas  rapidly  through  it.     Tlie  fine  jn-e- 
ipitate  may  be  collected  on  a  filter,  and  washed  with  water  containing 
bonie  acid  gas. 

It  is  very  soluble  in  dilute  saline  solutions  {5  to  8  jwr  cent),  from 
tidi  it  is  precipitated  by  carbonic  acid  gas  or  by  dilute  acids;  its  aolu- 
on  is  eoagtdated  at  70°  C. ;  even  dilute  acids  and  alkalies  convert  it 
iti»  acid-  or  alkali-ulbannn. 

Fihtinofien,  —  Fibrinogen  is  eontained  in  blood-plasma,  from  which  it 
lay  lie  jtrepareti  by  addition  of  sodium  eldoride  to  the  extunt  of  13  jn-r 
nt.     It  may  also  l)e  prepared  from  hydrocele  fluid  or  from  other  serous 
iisudation  by  a  similar  metliod. 

Ita  general  reactions  are  similar  to  those  of  paraglobulin  ;  its  solution 
soagulated  at  o2'^-^ni"  C*     Its  characteristic  property  is  that,  under 
?rtaiu  conditions,  it  forms  fibrin. 

E*l*iitrln*', — ^Eilestrine  is  a  globulin  which  is  found  in  many  ediltle 
rgrtables,  grain,  etc.  A  solution  may  be  prepaied  by  adding  hemp  seed 
I  a  10  per  cent  solution  of  sodium  chloride  ajid  heating  to  6()°  C. 

Proteoses  are  intermediate^  substances  of  the  cligestimi  of  other  prn- 

1,  the  ultimate  product  of  which  is  pept^^iie.     They  are  produced  Ity 

action  of  the  gastric  and  pancreatic  juices  and  also,  slowly,  by  boiling 

dilute  acids.     The  Utui  is  a  general  one,  the  proteose  of  albumin 

albumose,  that  of  globulin  being  globulose,  etc.     They  are  divided 

bto  primaiy  and  secondaiy  groups  representing  the  stages  of  progress!* »n 

proteids  to  pept^ones,  so  that  there  jnay  l>e  a  primary  ajnl  a  secoml- 

albumose,  etc.     As  digestion  is  a  process  of  liydration  with  cleava«jrt> 

flu*  succesflive   stages  pi'esent  progressively  8im]der   substances.     Earh 

reacts  to  fewer  reagents  than  the  preceding  one;  e.ff,^  none  of  tin* 

vjws  can  be  coagulated  by  Ixjiling,  nitric  acid  will  precipitate  the 

jwimary  proteoses  lait  not  the  secondaiy  ones. 

Peptones. — Peptone  is  formed  by  tlie  action  of  the  digestive  fer- 
ts^  pfpRtn^  or  trypsin^  on  other  proteitls,  and  on  gelatin.  It  is  a  still 
pier  form  of  aubst-ance  than  the  proteoses  and  reacts  to  still  fewer  w* 
t^riUs.  They  will  Iwi  conaidei-ed  in  conneeiion  with  tlie  physiology  of 
ion,  as  will  also  the  ihtenuediate  componnds. 
Coagulated  proteids  are  formed  by  the  action  of  heat  or  of  ferments 
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upon  other  proteids ;  the  temperature  necessary  to  produce  coagola 
Tarying  in  the  manner  previously  indicated.  They  may  also  be  prod 
by  the  prolonged  action  of  alcohol  upon  proteids ;  the  process  is  od 
dehydration.  They  are  soluble  in  strong  acids  or  alkalies;  slightly 
dilute ;  are  soluble  in  digestive  fluids  (gastric  and  pancreatic).  Ai 
soluble  in  water  or  saline  solutions  (except  fibrin). 

Fibrin, — Fibrin  is  formed  by  the  action  of  fibrin  ferment  on  fibrin 
and  can  be  obtained  as  a  soft,  white,  fibrous,  and  very  elastic  subs^ 
by  whipping  blood  with  a  bundle  of  twigs  and  washing  the  adhering 
in  a  stream  of  water  until  all  the  blood-coloring  matter  is  removed 
is  soluble  to  a  certain  extent  in  strong  saline  solutions. 

Compound  Proteids. — The  compound  proteids  are  compoondf 
simple  proteid  with  some  other  molecule.  According  to  their  chc 
composition  and  characteristics  they  are  divided  into  several  classes, 

Chromo'profrids. — A  combination  of  a  proteid  substance  with 
fonn  of  pigment.     For  example,  haemoglobin  is  a  combination  of  a  g 
lin  with  luematin,  an  iron-containing  radicle. 

Glftco-jtrnteids,  — A  combiimtion  of  a  proteid  substanoe  with  a  c 
hydrate  radicle.  Examples  are  mucin,  which  is  found  in  mucous  s 
tioiis;  and  mueoids,  wliich  are  found  in  certain  tissues,  cartilages,  e 

Nuch'O'jfroteids, — A  combination  of  a  proteid  substance  with  a  m 
acid:  they  are  divided  into  two  groups  according  to  the  character  o 
acid.  The  true  nucleo-proteids  contain  true  nucleic  acid ;  the  para-nu 
proteids,  or  pseudo-nuoleo-proteids  contain  para-nucleic  acid.  Both  a 
and  therefore  both  groups,  contain  phosphorus ;  but  the  true  nucleo-pro 
yield  nuclein  (xanthin)  bases  while  the  para-nucleo-proteids  do  not.  ' 
are  found  in  the  nucleus  and  protoplasm  of  every  cell,  and  also  in  i 
as  caseinogen,  and  in  the  yolk  of  ^^gj  as  vitellin. 

Ghfco'jntrleo'proteidit, — A  combination  of  a  nucleo-proteid  with  s 
bohydrate  radicle. 

Mucin. — Mucin  is  a  compound  of  a  globulin  with  a  carbohy 
radicle,  and  is  the  characteristic  component  of  mucus;  it  is  contained 
in  foetal  connective  tissue,  in  tendons,  and  salivary  glands.  It  ca 
obtained  from  mucus  by  diluting  it  with  water,  filtering,  treating 
insoluble  portion  with  weak  caustic  alkali,  and  reprecipitating  with  8 
acid.  The  mucins  derived  from  different  sources  probably  have  diff' 
compositions. 

Properties. — Mucin  has  a  ropy  consistency.  It  can  be  coagulate 
insoluble  in  water,  salt  solution,  and  very  dilute  muriatic  acid ;  is  solul 
alkalies  and  concentrated  sulphuric  acid  It  gives  the  proteid  rea 
with  Millon's  reagent  and  with  nitric  acid.  Neither  mercuric  chl 
nor  tannic  acid  gives  a  precipitate  with  it  (?).     It  does  not  dia 


THB   CHEMICAL  COMPOSITION    OP 


IW 


sn  treat^  with  sulphuric  acid  and  then  neutralized  mth  solid  potas- 

ibydratet  it  will  give  both  the  Biuret  test,  fkuoting  the  presence  of 

eid  matter,  aud  alao  Fehllijg's  test,  ahowiug  tlio  presence  of  a  sugar: 

sacid  splits  it  into  a  globulin  and  a  carbohydrate, 

Nucleins. — ^The  substance  known  as  nudrin  and  found  in  all  cells 

iwell  as  in  milk  (easeinogen)  and  the  yolk  of  egg  (vitelUn)  is  really  a 

npound  proteid  and  consists  of  a  whole  series  of  bodies  made  up  of 

pfoteid  and  nucleic  acid  in  varying  proportions;  there  is  almost  no  limit 

►  the  possible  variations.     At  one  end  of  the  series  is  }iucleic  acid  {C„- 

Ij^^PjO,,,  according  to  Kossel),  a  kjdy  containing  the  maximum  (9  to 

.percent)  of  pliosphonis,  but  without  any  proteid,  and  found  as  such 

Jy  in  spermatozoa;  in  the  mitldle  are  the  nudeim  proper;  and  at  the 

lier  end  are  the  nucleo-protnthf  containing  the  minimum  of  phosphorus, 

i  phospborus  is  the  charai^eristic  component  of  nucleic  acid,  its  amount 

measure  the  amoimt  of  the  acid  present  in  any  molecule. 

The  kar^^oplasm  (nucleus)  of  every  cell  is  richer  in  the  nucleins,  while 

I  cytoplasm  (cell  i*ody)  is  rirher  In  the  nucleo-proteids  which  contain  a 

Dtaller  propoHitMi  of  nucleic  acid  and,  therefore »  of  phosphorus.     The 

Iflerence  in  staining  power  of  the  nucleus  and  cell  body  is  thus  explained 

I  the  relative  aftinity  of  these  substances  for  a  basic  dye  is  proportional 

)  the  amount  of  nucleic  acid  tliey  contain.     The  chemical  tlifferenccs  in 

be  action  of  cytoplasm  and  karyoijlasm  toward  solvents  are  due  also  to 

kt*  Y»ro[>ortion  of  nueleit!  acid  aud  proteid  wbich  tb^^y  contain.     These 

lerences  are  quantitative  and  not  qualitative.     All  of  the  oucleo-pro- 

in  the  cell  body  are  tnie  ones  in  that  they  yield  nuclein  bases, 

Caseinogen. — Casein ogen,  the  chief  proteid  of  milk,  is  strictly  a 

'^"■"•Ibumin   and  does  not  yield  the  nuclein  bases;  it  bears  the  same 

>  casein  that  fibrinogen  does  to  fibrin.     When  acted  on  by  i-en- 

n  it  splits  into  two  partes  of  which  one,  tlie  smaller,  is  peptone-like  in 

er*     The  other,  and  larger  part,  is  known  as  soluble  casein  and 

not  solidify  in  the  absence  of  calcium  salts;  as  these  are  always 

ent  in  milk,  it  tljere  unib3S  with  them  aud  forms  insoluble  calcium 

strictly    speaking,  therefore,  the   curd  of   milk  is  the  calcium 

apound  of  soluble  casein.     Caseinogen  may  be  prepared  by  adding  di- 

} hydrochloric  acid  to  milk  until  tb<*  uiixture  is  distinctly  acid;  a  rtoc- 

pTccipitabe  of  easeinogen  will  be  thrown  down  and  may  be  sepa- 

l  by  filtration ;  the  fat  wbich  is  carried  down  with  this  precipitate 

InaylH^  removed  by  washing  with  alcohrd  and  then  with  ether. 

Caseinogen  may  also  l>e  prepared  by  addiug  to  milk  an  excess  of  crys- 
ed  magnesium  sulphat^e  or  sodium  chloride,  either  of  which   salt 
•aiises  it  to  separate  out. 

Caaeuiogen  gives  the  Biuret  and  million's  reactions  showing  the  pres- 
5 of  proteid  substances,  mucbthe  same  tests  as  alkali-albumin.     It  is 
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soluble  ill  distilled  water,  dilute  or  strong  alkalies,  and  snlphoric  and, 
but  insoluble  in  sodium  chloride  and  .2  per  cent  of  hydrochloric  acii 

Vitellin. — Vitellin  is  prepared  from  yolk  of  egg  by  washing  wiA 
ether  until  all  the  yellow  matter  has  been  removed.  The  residue  is  dis- 
solved in  10  per  cent  saline  solution,  filtered,  and  i>oured  into  a  large 
quantity  of  distilled  water.  The  precipitate  which  falls  is  impure  vitellin. 
It  gives  the  same  tests  as  myosin,  but  is  not  precipitated  on  satuiatioQ 
with  sodium  chloride ;  it  coagulates  between  70°  and  83°  C. 

Albumenoids  or  Proteoids. — The  albumenoids  belong  to  the  sim-  ^ 
pie  tissues  of  the  body  which  ai-o  derived  from  the  epiblast  and  are  char 
acterized  by  a  lack  of  any  degree  of  activity,  either  physiological  or 
chemical.  They  are  proteid  derivatives,  nitrogenous  bodies  derived  froa 
proteid  matter  in  the  cells,  and  give  crystalline  amido-acids  and  nitrogisr 
ous  bases  on  decomix>sition,  but  dilTer  from  tnie  proteids  in  not  haTiig 
their  nitrogen  in  a  form  fit  for  the  physiological  needs  of  the  body,  b 
other  words,  they  are  not  true  foods,  though  gelatin  has  a  certain  indirect  i 
food  value  as  it  ])rot.ects  the  body  protends  from  work  in  many  ways, at: 
times.  The  albumenoids  are  soluble  in  dilute  acids  or  alkalies ;  they  may ; 
he  distinguished  from  albumin  or  globulin  by  \yemg  insoluble  in  water  or, 
salt  solution  res]>ectively.  *  j 

Gelatin. — Oclatin  is  contained  in  the  form  of  coUageny  its  anhydride^ ' 
in  bone  (ossrin),  t^H^th,  fibrous  connective  tissues,  tendons,  ligaments,  eb*. 
It  may  l>e  obtained  by  proloni^od  action  of  l>oiling  water  in  a  Papin's  ili- 
gesUM-  or  of  dilnto  acetic  acid  at  a  low  temiH»rature  (15°  C). 

Pm/trrflt's. — The  percentage  comi>osition  is  O,  25.24  per  cent,  H,  6.56 
l)erccnt,  N,  17.81  })er  cent,  (',  50|H^r  cent,  SO,  25  per  cent.     It  containi 
nion^  nitroj^cn  and  loss  carbon  and  suliduir  than  prot<»ids.     It  is  amor 
|)hons,  and  transj>anMit  when  dritMl.      It  does  not  dialyse;  it  is  insolubk! 
in  cold  water,  but  swells  u])  to  alx>ut  six  times  its  volume:  it  dissolve! 
n\i<lily  on  tlie  addition  of  very  dilute  acids  or  alkalies.     It  is  soluhlein 
hot  water,  and  forms  a  jelly  on  cooling,  even  when  only  1  p>er  cent  of 
gelatin   is  present ;   it  is  also  soluble  in  hot  salt  solution.     Prolongwl 
b< tiling  u\  dilute  acids,  or  in  water  alone,  destroys  this  power  of  forming 
a  jelly  on  cooling.      Its  }>hysiral  i>rojHMties  seem  t^^  in<lic«ate  a  closer  rela* 
tionshi]>to  albumin  than  ti^  keratin,  but  decomposition  pnu'cs  the  reverse- 
On  deeomiH^sition  it  gives  2  jhm*  cent  of  leucin  and  2.(>  i>er  cent  of  argeniilf 
but  no  tyn^sin ;  instead  then*  is  a  large  amount  of  glycocoU  (amido-aceti^ 
acid  or  glycin),  a  crystalline  substance. 

.\   fairly  strong  solution  of  gelatin— 2  i>er  ctMit  to  4  percent — givel 
the  following  n\ictions: 

(x)    With  /frofriiitt'sfs:  {^\.^  A'tnifhoprt^fric  frsf, — A  yellow  color  bul 
no  pn»vious  pnvipitate  with  nitric  acid.  Incoming  darker  on  the 
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addition  of  ammonia,     (ii.)  Bkiret  test — A  blue  color,      (iii.) 
Millo  n '  s  test —  A  pink  col  or  In  1 1  n  o  preci  pi  tate ,     ( i  v . )   Pn  tasmn  m 

Ift^rrocyanvh*  and  nrt'fic  arid. — No   reantioii.     (v.)   Boiling  with 
sodinm  sulphate  and  acetic  acid.     No  i-eaetiou. 
Ipechl  t*eactifms  :  (i.)  No  precipitate  with  acetic  at'icl.     (ii.)  No 
precipitate  with  dihit^  hydrocldorici  acid.      (iii»)  A  wliite  pre- 
cipitate with  tannic  acid,  not  sohible  in  excess  or  in  dilute  ace- 
tic acid,     (iv.)  No  precipitate  with  mercuric  chloride,  unlike 
the  i*eaction  with  albumose  and  peptone,     (v.)  A  wliite  pii>ci)>i' 
_^  tate  with  alcuhol.      (vi.)  A    yellow ish -wliite    precipitate  wit!i 
H  picric  acid,  dissolved  on  beating  and  reappearing  on  cooling. 
iUaffcn  in  insobible  in  almost  everything. 

lastin  is  foinid  in  ela-stic  tissue,  in  tlie  ligamenta  subtlava,  ligajuen- 
luelue,  etc.  It  is  insoluVde  in  all  niMJinary  reagents,  but  swells  up 
in  cold  and  hot  water.  Im  .mdnble  in  strong  eanstie  soda  slowly, 
heated.  It  is  precipitat^'d  Ijy  tanruc  acid ;  tloes  not  gelatinize, 
the  proteid  i-eactions  with  strong  nitric  acid  aiul  ammonia,  and  im- 
!tly  wnth  Milhm's  reagent.  On  decomposition  it  gives  4.5  jier  cent 
cin,  a  small  tnuount  of  argenin,  and  a  nH?re  trace  of  tyrosin.  It  is 
retl  by  boiling  with  water,  then  treating  with  artificial  gastric  and 

tic  juices,  then  boiling  again  in  water,  ami  then  extracting  with 
cohriU  and  ethers;  the  remainder  is  ekistin. 
tiondrin  i^  fnund  in  the  condition  of  chondrigen  in  cartilage. 
is  a  mixture  of  gelatin  with  a  nmcin-like  substance,  and  is  obtained 
chondrigen  by  boiling. 

n^ertifs, — It  is  sohd>le  in  hot  water,  ami  in  solutions  of  neutral 
r,^.,  sulphate  uf  sodium,  in  ddute  mineral  acids,  caustie  potash,  and 
^plii soluble  in  eobl  water,  alcohol,  and  ether.  It  is  precipilaietl 
■  solutions  by  dilute  mineral  acids  (excess  redissolves  it),  by  alum, 
id  acetatj?,  liy  silver  nitrate,  and  by  chlorino  water.  On  boiling  with 
g  bydroi^hloric  acid,  it  yirlds  giajte-siigar  and  eertain  nitrogeumis 
anoes,  Prnlouged  iMnliug  in  ililnte  arids,  ur  in  water,  destroys  its 
r  of  fomdng  a  jelly  tm  conling. 

^eratia  is  obtained  from  hiiir,  hnrns,  linger  nails,  ete.  Its  comp<tsi- 
k  very  similar  to  that  of  urdinary  albumin  ami  is  approximatidy 
1.5,  H,  i\Jh  N,  1<».8,  S,  4.,  O,  L';>.2;  the  keratitis  obtained  rrnm  tlie 
ma  substaiu'es  fire  distinct  and  diller  slightly  thcmgb  tlnsrly  ivIaU'il. 
tur  is  the  cliaracteristic  body  found  in  keratin  and  cK^curs  as  a  snl- 
-containing  radicle ;  a  large  amount  of  mereaptan  sidphnr  can  nsually 
kpued.  On  decomposition,  keratin  yiehls  argeuin  2.-0  per  cent, 
HD  i)er  cent,  and  tyrosin  4  per  cent, 

^T&prrtk^,--KeTVki\n  is  insoluble  in  wattn*,  salt,  sodium  caibonate,  ami 
jeliydi-ochloric  acid;  is  sohtlde  sluvvl^-,  when  warmed,  in  caustic  put- 
iBtl  sulphuric  acid;  gives  Millon's  and  the  xanthoproteic  reactions. 
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Neurokeratin  is  a  fomi  of  keratin  which  is  foaud  in  the  wliite  fl 
stance  of  Schwann  around  the  axis-cylinders  of  nerves.     It  yields  iqh| 
nin  6  per  cent,  leucin  10  per  cent,  and  tyrosin  3.5  per  cent 

Nitrogenous  Products  of  Proteid  Decomposition. 

Amines. — These  are  bodies  of  the  ammonia  type  (NH,)  in  which  ( 
or  more  of  the  H  atoms  of  the  ammonia  are  i-eplaced  by  hydrocaAoi] 
radicles;    e,g,,   ^'H„,  CH,  =  methiflaminp  or  mono-methylamine. 
methylamine^  X((-Hj),,  often  oocurs  in  jmtiv faction. 

Protamines, — These  are  basic  jiroteid  bodies  which  give  the  Bin 
reaction  ;  on  decomposition  they  yield  the  nitrojjrenous  bases  but  no  lea 
or  tyrosin.     They  occur  in  the  decom})osition  of  all  proteids  and  also  I 
primary  constituents  of  cells,  es))ecially  in  spermatozoa.     In  this  graqj 
are  aryenimj  It/siny  and  hystidin.  \ 

Amides, — These  ai*e  bodies  of  the  ammonia  tyj)e  (NH,)  in  which  0Q$ 
or  more  of  the  11  atoms  are  replaced  by  organic  aeitl  residues  (an  aol 
residue  =  the  acid  minus  hydroxyl;  e.t/.,  CH^l-O  is  the  residue  n 
CH,  COOH).  Mouaeetamide  =  NH..,  VUyA)  There  are  also  ma^ 
complicated  iimides  which  are  built  uj)  from  two  molecules  of  aminoniasi 
e.tj.y  urea  or  carbamide,  which  is  formed  from  carbonic  acid  and  is  uatJ 
ally  written  (H),  NH.^,  NH.^. 

Amidtt-arids, — Thi'sc  are  bodies  of  the  ammonia  type  (XH,)  in  whiefcj 
one  or  more  of  the  H  atoms  of  the  ammonia  are  replaced  by  organic  aciC 
radicles;  thev  may  also  be  ivgarded  as  acids  in  which  one  or  more  oft 
II   atoms  of  tlie  acid  radicle  are  replaced  by  amidog(Mi,  NH,.     As 
term   iin]>lies  that  they  are  acids,  it  is  nt^cessary  that  they  contain 
carlH)xyl  group  (('<>(  )H)  intact.      For  examide,  yhjein  (amido-aceticacidj 
i-  either  Nil,,  CH,  COOIl  or  CMI^  (XH,),  COOH. 

Nitrtujenous  or  Xur/tin  liases, — Also  known  as  xanthin  or  purin 
as  all  can  betlerived  from  the  so-called  purin  nuehasC^'S^  by  substitutiai 
of  atoms;  the  y>//r///  base,  as  isolated  by  Emil  Fischer,  is  C^H^N^. 
memlH?rs  of  this  ^roup  aiv  very  closely  related  and  consist  of  hyj^xautluB^ 
(C\H,N/>),  xanthin  i,CV.Il,N\OJ,  adenin  (C.ll^N J,  and  guanin  (C\H,Np> 
IVsides  iXH'urriug  in  ordinary  proteid  decomposition,  they  are  also  alwaji^ 
prt^sent  in  all  downward  chemical  changes  in  the  cells.  Uric  acil- 
(C\H^N/>,),  though  not  a  memlx^r  of  the  group,  is  shown  to  be  closdr 
ndated  by  studying  their  chemical  comjx^sition.  By  oxidation  uric  b0^ 
yields  un^a  and  alloxan  (l\HN,0^);  it  has  been  found  that  in  alloxi* 
theiv  is  pn^sent  a  radical  <\N ,  known  as  the  purin  or  alloxan-uric  nucleiU* 
purin  is  formed  from  this  radical  by  the  substitution  of  H  atoms.  Bo^ 
uric  acid  and  the  nuelein  bases  c;ui  K"*  derived  fn^m  this  base ;  hypoxanthi^ 
is  oxypurin,  uric  aoid  is  try -0x3- purin,  adenin  is  amino-oxypurin,  etc. 
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I  Ff(itaT(fon8. — These  are  very  complex  phosphorus-containiDg  bodies 
hich  are  chiefly  obtained  from  nervous  tissues,  Frotargou  was  at  one 
iQe  cousitlered  au  entity,  but,  accoriliiig  to  the  most  recent  views,  it  is 
lereij  a  mixture  of  cerebrin  and  lecithin. 

Of  the  bodies  which  constitute  the  above-mentioned  groups,  only  the 
flawing  need  be  descrilied  r 

Gli^cln,  Ghjcoml,  Ghjr.ociny  or  f  p    „   ^p.    __  /  ptt  ^^^*        \ 
Amido-ncetic  add.  j  ^^  ^*  ^^'  "  V  ^"'"^CO  OH  J 

This  substance  ocems  in  the  body  in  combination  as  in  the  biliary 
iSj  but  is  never  free.  Glycocholic  acid^  when  treated  with  weak  acids, 
h  alkalies,  or  with  baryta  water,  splits  up  into  cholic  acid  and  glycin, 
tniido-aceticacid.  Thus :  C.^,H,^NO,  -f  H.p  -  C^^  H,^(>,  +  C^  H^  NO,. 
fi-ocholic  acid  -f  water  =  cholic  acid  -j-  glycin,  and  under  similar 
nmstances  Taurocholie  aclii  splits  up  into  cholic  acid  and  taurin : 
H,.  O,  NSO,  +  H/:>  =  C„  H^,.  O,  +  C,  H,  NSO,,  or  araido-isptldonio 
L  Taurocholie  add  -f  water  —  cholic  aeid  and  taurin.  Glycin  occurs 
I  in  hippuric  aeid.  It  can  be  pn^pared  from  gelatin  by  tlie  action  of 
b  or  alkalies,  and  can  also  be  obtained  from  hippuric  acid. 
Sareosin  or  Metinjl    \    ^,    ir    v-.^    /       /^n    .KH  CH^ 


C,  H,  NO. 


It 


IS  a  con- 


umid4,-Qcttie  mid,     )    ^^  *^  ^^«  \^  -  ^^^i<CO  UH.   } 

aent  of  kreatin,  and  also  of  caffeine,  but  has  never  been  found  free  in 
human  ^x^dy.     It  may  be  obtained  from  these  bodies  by  boiling  with 
|rta  water. 
Leuein  or  Amido-  \  q  h„NO,  (=CH  .CH  HH  CH  .CH(NHJC0  Oil 

Ira  nonnally  iu  many  of  the  organs  of  the  body,  and  is  a  product  of 
pancreatic  digestion  of  p  rote  ids.  It  is  present  in  the  urine  in  certain 
^ases  of  the  liver  in  which  there  is  loss  of  substance,  esi»ecially  in 
le  yellow  atrophy.  It  occurs  in  cii-cnlar  oily  discs  or  crystallizes  in 
les,  and  can  be  prepared  either  by  boiling  horn   shavings,  or  any  of 

gflatius  wnth  sulphuric  acid,  or  out  of  the  products  of  pancreatic 
Ifstion. 

Gttanidin,  CN^H^  (  =  CNH  <;hf  jj^)  is  a  derivative  of  urea,  the  atom 
0  Ijeing  rejdaced  by  NH, 

^S^nidln  ocetlradd,  \  *^*^-^'>*^t  (  =  ^^^  ^NCH,,  CH,,  COOh) 
RTof  the  pnmary  products  of  muscular  disintegration.  It  is  always 
^(1  in  the  juice  of  muscle.  It  is  formed  by  the  action  of  guanidin  on 
Wiyl  amido-acetic  acid.  It  is  generally  decomposed  in  the  blood  into 
rt  and  sarcosin,  and  oidy  appears  in  the  urine  as  kreatinin.  Treatetl 
|lh  either  sulphuric  or  hydrochloric  acid,  it  is  converted  into  kreatinin; 
ha— 
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It  has  been  made  synthetically  by  bringing  together  cyanimidf 

sareosine. 

Kreatinin,  C   H  N  0  f  =r  CNH  < ^^  ""  ?*   \  is  present  in  b 
V  N(CH.)CH/ 

urine,  derived  from  dehydration  of  kreatin.     It  does  not  appear 
present  in  muscle.     It  is  basic,  having  lost  the  COOH  group,  and 
as  an  alkaline  body,  combining  with  salts  to  form  double  salts,  etc. 
decomposition  it  yields  urea,  sarcosin,  and  methyl  guanidin. 

Tiiurhi  or  Amnio-  ^  ^   „   ^^^^    I     n     ir    ^SO    H\  .  . 

.    ., .     .       . ,      r  C,  H,  NSO,  |=C,  H,<xTTT      I  is  a  const 

of  the  bile  acid,  taurocholic  acid,  and  is  found  also  in  traces  i 
muscles  and  lungs.  It  has  lx*en  prejmred  synthetically  from  isetl 
acid.     It  is  a  crystalline  substance,  very  stable. 

Wppune  Arid  or        I   c.  H.  NO.  =  (C.  H.  CONH  CH.  CO 

neiixtd  aiffiao-aretic  and  J       •       »  >       v    •      »  t 

a  normal  constituent  of  human  urine,  the  quantity  excreted  beii 
creased  by  a  vegetable  diet,  and  then»fore  it  is  present  in  greater  ai 
in  the  urine  of  herbivora.  It  may  be  decomposed  by  acids  into  { 
and  lienzoic  acid.  It  crystallizes  in  semi-transparent  rhombic  pi 
almost  insoluble  in  cold  water,  soluble  in  boiling  water. 

Tiny.;,,  ovP,,r,,-oT,,plu-,,-  |  NO,(=C.  H.<^^    t^„    ^^ 

This  is  found  generally  together  with  leucin,  in  certain  glands,  e.g.^ 
creas  and  spleen ;  and  chiefly  in  the  products  of  pancreatic  digesti 
of  the  ]  nitre  faction  of  proteids.  It  is  found  in  the  urine  in  some  dif 
of  the  liv(»r,  especially  acute  yellow  atrophy.  It  crystallizes  in  fine 
dies,  which  eollec't  into  feathery  masses.  It  gives  the  proteid  test 
Mil  loirs  n»ageut,  and  heated  with  strong  sulphuric  acid,  on  the  ad( 
of  ferric  chloride  gives  a  violet  color. 

It  is  a  combination  of  cholin  with  glycero-phosphoric  acid  in  whicl 
two  H  atoms  of  th(»  glycerine  are  replaced  i)y  fatty  acid  radicles, 
chemical  formula  varies  in  accordfince  with  the  kind  of  fatty  acid;  i 
above  formula  one  radicle  is  that  of  oleic  acid  and  the  other  that  of 
mitic.  In  character  it  is  a  complex  nitrogenous  fatty  body,  conta 
phosphorus,  which  has  lx?en  found  mixed  with  cerebrin  and  oleo-pho 
ric  acid  in  the  brain.  It  is  also  found  in  blood,  bile,  and  serous  i 
and  in  larger  quantities  in  nerves,  pus,  yolk  of  e^gj  semen,  and 
blood-corpuscles.  On  boiling  with  acids  it  yields  cholin,  glycero- 
phoric  acid,  and  fatty  acids. 
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Ceff^rin^  C,,  H„  NO,,  is  a  light  aiiiorplious  powtler,  tasteless  aud 

brWs,  which  is  found  in  nerves,  |>U8  eiiri>iiarIeK,  auU  in  tlnj  bruin.     It 

M  nitrogi-nons  Ixjdy  whose  chemical  coustitutioti  is  not  known,  though 

I  large  amount  uf  0  which  it  njutains  iiidicat4-^s  the  prescncii  of  a  fatty 

It  swells  up  like  starch  wlien  boiled  with  water.     When  deeom- 

it  yields,  besides  other  aubstaDcus,  a  sugai'  (gelactose). 

Vrk  Acid  or  Trl-oTi^punn^  C^  H^  N^  O^,  occurs  in  the  urine,  sparingly 

[huiaau  urine,  ahuinhiutly  in  that  of  birds  aiul  reptiles,  where  it  repre* 

^ta  the  chief  nitrogenous  decomposition  product.      It  oecurH  also  in  the 

HjtJ,  sph^oii,  livtT,   und  soittetii[ies  is  the  only  constituent  of  urinary 

k'uli.      It  is  probal^ly  converted  in  the   blood  into  urt^a  and  earlmnie 

It  generally  occurs  in  urine  in  combijiation  witli  bases,  forming 

Hi*'*,  and  never  fR'e  unless  under  abnormal  conditions.     A  deposit  of 

lies  may  occur  when  the  urine  is  conceutruted  or  extremely  acid,  and 

febrile  disorders 

Xanthin  or  I/i-oxr/puririf  C^  H^  N^  O..,  has  been  obtained  from   Ihi' 
er,  spleen,  th^-mus,  muscle,  and  the  blood.     It  is  found  in  normal 
Bf  aiul  is  a  constituent  of  certain  nire  urinary  calculi. 
Htjpfixniithifi  or  (h'f/pnrinf  C^  11^  N^  (>,  is  found  in  juice  of  lleyhj  in 
:  spleen,  thymus,  and  thyroid. 

Guanin  of  Amino-oxt/purin,  C^  H^  N^  O,  has  lieen  found  in  the  human 
n,  spleen,  and  fieces,  but  does  not  occur  as  a  constant  product 
Adeuin  or  Amifw/niruif  0.^   11^   N^,  is  the  sinn>le.si  njtanber  of  tlic^ 
in  group.     It  exists  abundantly  in  tlie  liver  ami  urine  of  kuieocy- 
jic  patients. 

Alltjutoin^  CV  H^  N^  Oj^,  found  in  the  allantoic  fluid  of  the  betus,  and 

be  urine  of  animals  for  a  short  jjeriod  after  their  birth.     It  is  one  ol 

I  uxiilation  ]>rodiu.'ts  of  uric  acid,  which  on  oxid;ition  ^ives  urea, 

In  addition  t^i  t!ie  above  eomjiounds  and  luobably  related  in  them,  are 

m  coloring  ajid  excrementitious  matters,  which  are  idso  most  likfly 

,  decomposition  compounds. 

Pif^merUSf  Etc. 


1  BtUnihin^  C,,  H,.  N^  O^,  is  the  best  known  of  the  bile  pigments.     It 

ist   made   by  extracting  iris{iissjited  bile  or  gall  stones   with  water 

bIi  disttolves  the  salts,  etc,),  then  with  alcoliol,  which  takes  out  cho- 

prio,  fatty  and  bdiaiy  aeids.      Hydrochloric  acid  is  then  added,  which 

>DJ poses  the  liine  salt  of  bilirubin  and  removes  the  luiie      After  ex- 

ing  with  alcohol  and  ether,  the  residue  is  dried  and  tinally  extracted 

chloroform.     It  crystallizes  of  a  bluish-red  color.     It  is  allied  in 

iition  to  haunatin,  as  has  been  described. 
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BUiverdiiy  C,,  H,,  N,  O^,  is  made  by  passing  a  current  of  air  throo^ 
an  alkaline  solution  of  bilirubin,  and  by  precipitation  with  hjdn^ 
chloric  acid.  It  is  a  green  pigment  which  is  an  oxidation  product  of 
bilirubin. 

BiUfuscinj  C,  H,,  NO,,  is  made  by  treating  gall  stones  with 
then  with  dilute  acid,  and  extracting  with  absolute  alcohol.     It  is 
non-erystallizable  brown  pigment. 

BUtprasin  is  a  ])igment  of  a  green  color,  which  can  be  obtained  bam\ 
gall  stones,  and  from  bile  which  has  been  allowed  to  decompose. 

Bl/i/niwin  (Staedeler)  is  a  dark  brown  earthy-looking  substance, 
which  tlie  formula  is  unknown. 

Urachrome  and  Urobilin  occur  in  bile  and  in  urine ;  the  latter  is  pnik 
ably  identical  with  stercofnliuy  which  is  found  in  the  fseces.  Urofrythtk 
is  one  of  .the  coloring  matters  of  the  urine.  It  is  orange  red  and 
tiiins  iron,  as  is  also  Choletelin. 

Melanin  is  a  dark  brown  or  black  pigment  which  occurs  especially 
epidermal  tissues,  where  it  is  associated  with  keratin.  It  is  found  in  t 
lungs,  bronchial  glands,  hair,  choroid,  skin  of  negroes,  etc. ;  also  in 
urine  and  in  melanotic  diseases,  cy.,  sarcoma.  It  is  a  transformatioi 
product  of  proteids,  to  which  it  is  closely  related,  and  can  be  made  iifr 
ticially  by  boiling  proteid  with  sulphuric  acid.  It  contains  C,  H,  0,  N,  8^ 
and  (rarely)  Fe. 

Lipochromes  are  pigments,  usually  yellow  or  yellowish-red,  which 
associated  with  fat,  being  almost  always  present  in  adipose  tissue.  Lifc* 
tie  is  known  about  them,  but  they  are  thought  to  consist  only  of  C,  B4 
and  (3. 

ILvmatin  has  been  fully  treated  of,  p.  169  et  seq. 

ladifuui  or  J*ofassium  indojcijl  sulphate^  C^  H^  NKSO^,  is  foimd  in  tU 
urine  and  is  derived  from  proteid  putrefaction  in  the  intestines.  It  ii 
colorless. 

Indif/o  or  Indif/o-ldue,  C,^  H,^  N^  O^,  is  formed  from  indican.  It 
usually  found  free  in  small  amounts  in  decomposing  urine,  where  it  mi| 
give  a  bluish  color  to  the  sediment ;  in  very  rare  instances  it  makes  Art 
whole  urine  blue. 

Indoi,  C,  H,  N,  belongs  to  the  aromatic  series  and  is  a  product  flfl 
proteid  putrefaction  in  the  intestine.     It  is  found  in  the  fseces  and  help! 
cause  their  odor.     When  absorbed,  it  is  excreted  in  the  urine  as  potar^ 
sium  in  doxy  1  sulphate  (indican). 

Skatoly  C^  H^  N,  is  also  one  of  the  aromatic  series,  a  product  of  pi» 
teid  putrefaction  in  the  intestines.  It  is  found  in  the  faeces  and  contrib 
utes  to  their  odor.  When  absorbed,  it  is  excreted  in  the  urine  as  sodioi 
or  potassium  skatoxyl  sulphate.  Both  iudol  and  skatol  are  crystalliot 
and  volatile. 
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NUrogenaug  Bodies  of  Uncertain  Nature. 

Ferments  are  bodies  which  potjsoss  the  property  of  exciting  chemical 
nge*  in  matter  with  which  they  come  in  contact.     They  are  at  present 
bided  into  two  classes,  called  (1)  organized,  and  (2)  unorganized  or 
Dhle. 

(L)  Of  the  organized^  yeast  may  bo  taken  as  an  example.  Its  activ- 
depends  upon  the  vitality  of  tlio  yeaat  cell,  and  di.sMppears  aa  soon  as 
cell  die«3,  neither  can  any  substance  be  obtained  from  the  yeast  by 
nuof  precipitation  with  alcohol  or  in  any  otl>er  way  wliich  hiis  tlit! 
er  of  exciting  the  ordinary  change  produced  by  the  plant  itself, 
action  of  micro -org^m isms  in  the  atimentary  canal  and  elsewhere  is 
D  example  of  the  same  nature. 

)  Unorganized  or  xoluOlv  ftrments  are  those  w^hich  are  found  in 
^Uons  of  glands,  or  are  produced  by  chemical  changes  in  animal  or 
;etable  cells  in  general ;  when  isolated  they  are  colorless,  tasteless, 
rphous  solids  soluble  in  water  and  glycerin,  and  precipitated  from 
aqueous  solutions  by  alcohol  and  acetate  of  lead.     Oliemically  many 

are  said  to  contain  nitrogen. 
Mode  of  action, — Without  going  into  the  theories  of  how  these  un- 
nizftl  ferments  act,  it  will  suffice  to  mention  that: 
(1.)  Their  activity  beyond  a  certain  point  does  not  depend  upon  the 
md  amount  of  the  ferment  present  (2.)  That  the  activity  is  de- 
Djeti  by  high  temperature,  and  various  concentrated  chemical  re- 
mta,  but  increased  by  moderate  heat,  about  40*^  C*,  and  by  weak  solu* 
US  of  either  an  acid  or  alkaline  fluid.  (X)  The  ferments  themselves 
>ear  to  undergo  no  change  in  their  own  composition,  and  waste  very 
;htly  during  the  process. 

The  chief  classes  of  unorganized  ferments  are:— 

(1.)  Amylolffde,  which  possess  the  property  of  converting  starch 

glucose.     They  add  a  molecule  of  water,  and  may  be  called  hydro- 

c     The  principal  aniylolytic  ferments  are   Plgalin,  found    in    the 

iva,  and  a  ferment,  probably  distinct,  in  the  pancreatic  Juice,  called 

i^hpsin.     These  both  act  in  an  alkaline  medium.     Amylolytic  fer- 

ts  have  been  found  in  the  blood  and  elsew4iere. 

{a,)  Protmhjtir  convert  proteids  into  peptones.  The  nature  of  their 
ion  is  probably  hydrolyticJ  The  proteolytic  ferments  of  the  body 
ealled  Pepsin,  from  the  gastric  Juice  acting  in  an  acid  medium* 
fpsin^  from  the  pancreatic  juice  acting  in  alkaline,  neutral,  or 
d  media.  The  Sucous  entericus  is  said  to  contain  a  third  such  fer- 
it 
(3.)  Jnversivet  which  convert  cane  sugar  or  saccharose  into  grape 
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sugiir  or  tjLivosv.     Such  a  fermeut  was  found  by  Claude  Bernaid  in 
Succus  eutericus;  and  pi*obably  exists  also  in  the  stomach  mucus. 

(4.)  Ferments  which  act  upofifats, — Such  a  body,  called  SUapm^ 
been  found  in  pancreatic  juice. 

(5.)  M  i/k-vtt  nil  hi  fj  ferments. — It  lias  been  long  known  that  reimeki 
de(*oction  of  the  fourth  stomach  of  a  calf,  in  brine,  possessed  the 
of  curdling  milk.  This  power  does  not  depend  upon  the  acidity  of 
gastric  juice,  since  the  curdling  will  take  place  in  a  neutral  or  all 
medium;  neither  does  it  dei>end  u{)on  they^fyW/i,  as  pure  pepsin 
curdles  milk  at  all,  and  the  rennet  which  rapidly  curdles  milk  has  i 
proteolytic  action.  From  this  and  other  evidence  it  is  believed  that 
distinct  milk-curdling  ferment  exists  in  the  stomach.  \V.  Roberts  k 
shown  that  a  simihir  but  distinct  ferment  exists  in  pancreatic  extnelj 
which  acts  l)cst  in  an  alkaline  medium,  next  best  in  an  acid  medium, 
worst  in  a  neutral  medium.  The  ferment  of  rennet  acts  liest  in  an 
medium,  and  worst  in  an  alkaline,  the  reaction  ceasing  if  the  alkalim^ 
W.  more  than  slight.     Also  in  the  Succus  entorious. 

In  addition  to  the  above  ferments,  many  others  most  likely  exist 
the  body,  of  which  the  following  are  the  most  important: 

(r».)  Flhrin-formlnff  ferment  (Schmidt),  (see  p.  146  et  seq.)^  foimdl 
the  hl(KKl,  lymph  and  chyle. 

(7.)    A  ferment  tr/iir/t  etmrertif  ylyeoyen  into  fjlucoae  in  tlie  liver; 
therei'ore  an  amylolytic  ferment. 

(8.)   Myosin  ferment. 

}S(tn'nitr<njrn<nis  in'tjunir  lnnfies  consist  of 

(a)  Oils  and  Fats,  wliich  are  for  the  most  })art  mixtures  of  trt-j 
mifin,  C,,Il.^,()^,  tri'sfrarln  <-.jr,„0,,  imd  tri-oiein  C^,H^^/>^  in  differenl 
proportions.  They  are  formed  by  the  union  of  thn.»e  molecules  of  fatt 
acid  with  one  nuJecule  of  the  triatomic  alcohol,  f/it/eerin  C,H^(OH)^, 
arc  ethereal  salts  or  esters  of  that  alcohol.  Palmitic  acid  is  C,,H,  0,; 
stearic  acid  is  ('jJl^^U.^;  oleic  acid  is  C,^!!, ,0^.  Human  fat  consists 
a  mixture  of  tri-jmlmitin^  tri-stearinj  and  tri-o/ein,  of  which  the  two  foimfl 
contribute  three-ciuarters  of  the  whole.  Olein  is  the  only  liquid  constita* 
ent.    The  fat  of  milk  (and  butter)  is  tri-butyrine ;  butyric  acid  is  C^,H^O, 

Fats  are  insoluble  in  water  and  in  cold  alcohol ;  soluble  in  hot  alcohof| 
ether,  and  chloroform.     C'olorless  and  tasteless;  easily  decomposed  or 
ponitied  by  alkalies  or  su])er-heated  steam  into  glycerin  and  the  fatty  acidl( 

And  (b)  Carbohydrates,  which  an*  bodies  composed  of  six  or  tweli 
atoms  of  carbon  with  hydrogen  and  oxygen,  the  two  latter  elements  beim 
in  the  projjortion  to  form  water.  There  are  three  main  classes  of  cailM^ 
hydrates. 

Monnsaeeha rides  or  Glucosesy  0^11,^0^,  containing  one  molecule  of 
gar,  ami  comprising  Dextrose  or  Gra^ic  Sugar,  Tjievulose  or  Fruit  Sogtti 
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c  Dtsacrhandrs  or  S<tC€ltarosf!.^^  ^»3^^tjj^u>  containing  two 
ilea  of  sugur  from  which  ona  rtioleculo  of  waiter  has  lieen  with- 
,  and  comprising  Saocharose  or  Cano  Sugar,  Lat^t^ose,  Maltose,  etc, 
rehiirldes  or  Amyloite^f  C»H,J)t>,  containing  a  large  Imt  unknown 
r  of  molecules  of  sugar  from  which  water  has  hccti  withdrawn,  and 
Btng  Stai*ch,  l>extrin,  Glycogen,  etc. 

s  glucQse^  luay  be  considered  as  the  aldehydes  of  mannite,  thus: 
CH,  OH    )  CH^on    ) 

1(011  OH)4c.  H,,  0„,  (CH  OH)   CC.  H,,  O. 
Cll,  OH     )  CO  H  ) 

inannite.  glucose. 

B  SuecJuirose^  or  sttJ*t'oses  are  made  up  of  two  volumes  of  gluooee 

Pe  molecule  c»f  water. 
;       C.  H.,  O,  +  C„  H,,  O.  -  H,  O  =  C.  H,.  O... 
^perties, — Monosacx^harides  are  es|jeeially  soluble  and  polysaccha- 
re  especially  Liisohihle;  mouosaccluiiides  and  disaccharides  do  not 
ilored  solutions  with  iodine  while  polysaccharides  doj  monosaceha- 
Ijid  (except  saccharose)  disaccharides    reduce   Fehling'a   solution 
x>ly8acchai'ides  do  not. 
these  the  most  iiuportaut  are : 

irch  (C  JI^^O/),  which  is  contained  iu  nearly  ail  phmh,  and  in 
iteihf  ntota^  ith'tft^s^  and  iiotntf  fnik:/.  It  is  a  soft  whiU?  powder eom- 
:)f  granules  having  aji  organiiied  structure,  cuusisting  of  fjranidme 
t»  in  water)  con tuined  in  a  coat  of  r«^//?f/rji-v  (iiiwoluhle  in  wat<jr); 
4H?  and  size  of  the  granules  vaiying  according  to  Uic  source  wheuce 
jch  has  been  obtained.  It  is  not  crystalline  and  will  nut  dialyze. 
lijulublc  iu  cold  water^  in  alcuiiol,  and  iu  ether;  it  is  sululjle  after 
:  for  some  time,  and  may  lie  filtered^  in  coiisct[Ucncc  of  the  swcUing 
Uie  gi'Siiiulosei  which  hursts  the  cellulose  CHjat,  ;uhI  becoming  free, 
^^y  dissolved  hi  water.  This  solution  is  a  sohdiuu  of  soluble 
H  aiuydiu.  It  gives  a  blue  eoluratiuu  with  iodine,  which  disap- 
^picating  aud  returns  ou  cooling.  It  is  eouverted  into  maltose  by 
le,  and  by  Iwuling  witli  <iilutc  acids  iuto  dextrose. 

E^^en,  which  is  contaiucd  iti  the  liver,  is  also  preseut  in  aU  mus- 
BSpeeially  in  those  of  vi^ry  youug  animals,  in  the  placenta,  in 
corpuscles,  and  in  embryonic  tissues.  It  is  sometimes  calletl 
arch  and  gives  many  rcacticms  pro|.ier  to  starch  itself.  It  is 
i«oluble  iji  watcn-,  iunl  its  solution  luok«  opalescent;  it  gives  a  poi-t- 
L^ration  with  iodine,  which  disai)]»cars  ou  heathig  and  returns  on 
t  It  iu  precipitated  l>y  basic  leail  ucetiik.^  and  is  iiisolublc  in  abso- 
^Bol  and  in  ether.  It  exists  iu  the  liver  during  life,  but  very  soon 
Rlh  is  ehaiigcd  iutt>  sugar.  It  may  be  prcpaied  by  grinding  mus- 
h  siiiid  idl  a  pH.sty  mass  is  formed^  bt>iling  the  mass  in  water  for 
'  tJiliiuttfS,  filtering,  aud  then  precipitating  the  glycogen  from  the 
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filtrate  by  adding  a  little  more  than  an  equal  quantity  of  95  per  oeot  it 
cohol.  It  is  converted  into  sugar  by  diastase  ferments,  or  into  te 
troBc  by  boiling  with  dilute  acids. 

Dextrin. — This  substance  is  made  in  commerce  by  heating  dry  poll 
to-stan'h  to  a  temj)oniture  of  400'.  It  is  also  produced  in  the  prooeii 
the  conversion  of  stanch  into  sugar  by  diastase,  and  by  the  salivaiy  I 
pancreatic  f torments.  A  yellowish  amoq)hous  powder,  soluble  in  wife 
but  insoluble  in  absolute  alcohol  and  in  ether.  It  corresponds  almoit  < 
actly  in  tests  with  glycogen ;  but  one  variety  (achroo-deztrin)  does  i 
give  the  port- wine  coloration  with  iodine. 

Cane  Sugar,  or  Saccharose,  i»  contained  in  the  juices  of 
plants  and  fruits,  and  is  as  a  rule  extracted  from  the  sugar  cane, 
beetroot,  or  from  the  maple.     It  is  crystalline  and  is  precipitated 
concentratiHl  solutions  by  absolute  alcohol.     It  has  no  power  of 
copper  Sill  is  on  Iniiling.     It  is  dextro-rotatory.     It  is  not  subject 
alcoholic  fermentation,  until  by  inversion  it  is  converted  into  gluoosBi 
chars  on  addition  of  sulphuric  acid,  and  on  heating  with  potassium 
sodium  hydrate. 

Lactose  is  the  chief  carbohydrate  of  milk.  It  is  less  soluble  i 
water  than  glucosi*;  not  sweet,  and  is  gritty  to  the  taste;  but  it  is 
ble  in  ahsoluU'  alcohol.  In  digestion  it  yields  a  molecule  of  dextrose 
a  niijlecule  of  galactose.  Undergoi^s  alcoholic  fermentation  with  eztici 
ditliculty  ;  gives  the  tests  similar  t^  glucose,  but  less  readily.  It  is 
tro- rotatory  -\  iV.r. 

Maltose  is  produced  by  the  action  of  the  saliva  and  pancreatic  jnil 
on  stardi.  It  is  also  funned  by  the  action  of  malt  u|>on  starch  by 
ferment  diastase,  and  in  the  formation  of  glucosc»  from  starch.  Itisc 
verted  into  dextrose  bv  dilute  sulphuric  acid.  It  is  dextro-rotatoiy ;  h 
nients  witli  yeast :  ndurcs  copper  .^alts,  and  crystallizes  in  line  needlei. 

Glucose  i»ccurs  \vidcly  ditlusid  in  the  vcv;etable  kingdom,  iu  diafaol 
urine,  in  the  1>1o*m1,  rlc. ;  it  is  usually  t»btained  from  grape-juice,  hon^ 
lH'ct-n>ot  or  carrots.  It  ivally  is  a  mixture  i»f  two  isomeric  bodies,  Zta 
trost*  or  .crape-suj^ar,  which  turns  a  ray  of  )Hdarized  light  to  the  ii| 
^  i   m\'  \  and  A  r.'if!'K<r  or  fruit-sugar,  whii-h  turns  the  ray  to  the  left. 

It  is  easily  sv»hiMe  iu  water  and  in  alcolnd:  not  so  sweet  as  cane* 
ijar ;  the  relati\Mi  of  its  .^-wectncss  to  that  of  cane-sugar  is  as  3  to  5.  It 
not  so  easily  charn^l  by  strouj:>ulpluiric  arid  as  cane-sugar.  Itisnot 
tiivly  soluble  in  alcohol.      It  undercvHS  alcoholic  fermentation  with  yeti 

Dextrose  is  the  characteris::cca:lK'liyvirate  of  the  blood.     It  hast 
]*ower  of  rcd\ici!ic  the  salts  of  silver,  bi>muih.,  menniry,  and  copper,  ril 
t*>  the  form  of  the  uietal  in  tV.e  ti*.>:   :!irce  cases,  or  to  the  form 
suls^xido    in    the   cise    \\*.:h   lupivv.s  salts.      Upon   this   property 
clue  I    lost*    lor    the    >;;j:.ri.    i      .     froiuiuer's   and    B6ttcherS|   dc] 
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m  boiled  with  potash,  glucic  and  melanic  acids  are  formed,  and 

llowish  fluid  results  (Moore's  test).     It  is  oxidized  by  the  action 

itric  acid  to  saccharic  acid.     It  forms  compounds  with  acids  and  with 

sh  and  lime.     It  undergoes  alcoholic  fermentation  with  yeast,  and 

LC-acid   fermentation  with  bacteria  lactis.      It  forms  caramel  when 

Qgly  heated,  and  is  also  charred  with  strong  acids.     For  the  method 

quantitative  estimation,  etc. 

Laevulose  is  one  of  the  products  of  the  decomposition  of  cane-sugar 

means  of  dilute  mineral  acids,  or  by  means  of  the  ferment  invertin  in 

alimentary  canal. 

It  reacts  to  the  same  test  as  glucose,  but  is  non-crystallizable,  and  is 

D-rotatory  — 1060.     It  is  soluble  in  water  and  in  alcohol.     Its  com- 

ad  with  lime  is  solid,  whereas  that  with  dextrose  is  not. 

Galactose  is  formed  from  lactose  by  tlie  action  of  dilute  mineral 

s,  or  inverting  ferments;  it  may  also  be  obtained  from  cerebrin.     It 

ergoes  alcoholic  fermentation,  and  reduces  cop})er  salts  to  tlie  sub- 

le. 

[nosite. — Inosite  occurs  in  the  heart  and  voluntary  muscles,  as  well 

I  beans  and  other  plants.     It  crystallizes  in  the  form  of  large  color- 

mouoclinic  tables,  which  are  soluble  in  water,  but  insoluble  in  alco- 
[)T  ether.     It  has  the  formula  of  glucose,  but  is  not  a  sugar.     Inosite 

be  detected  by  evaporating  the  solution  containing  it  nearly  to  dry- 
,  and  by  then  adding  a  small  drop  of  solution  of  mercuric  nitrate,  and 
rward  evaporating  carefully  to  dryness,  a  yellowish-white  residue  is 
ined ;  on  further  cautiously  heating,  the  yellow  changes  to  a  deep 
-color,  which  disappeais  on  cooling,  but  reappears  on  heating.  If 
inosite  be  almost  pure,  its  solution  may  be  evaporated  nearly  to  diy- 
.  After  the  addition  of  nitric  acid,  th(;  residue  mixed  with  a  little 
lonia  and  calcium  chloride,  and  again  evaporated,  yields  a  rose-red 
ration, 
certain  of  the  monatomic  Fatty  Acids  are  found  in  the  body, 

Formic  CH.^0^,  acetic  C^H^O.^,  and  propionir.  C^H^O^,  present  in 
it,  but  normally  in  no  other  human  secretion.  They  have  been  found 
R'here  in  diseased  conditions.  JUdt/ric  avlily  C^H^O..,  is  found  in 
it.  Various  others  of  these  acids  have  been  obtained  from  blood, 
cular  juice,  fieces  and  urine. 
.)f  the  diatomic  fatty  acids,  one  acid,  Lactic  aclil,  C  H^O^,  exists  in  a 

state  in  muscle  plasma,  and  is  increased  in  quantity  by  muscular 
;raction,  is  never  contained  in  healthy  blood,  and  when  present  in 
)rmal  amount  seems  to  produce  rheuuuitism. 

Soaps  and  Fats. — The  fatty  acids  in  combination  with  soda  or 
ish,  or  similar  bases,  form  sof/jtSy  and  when  eonibined  with  glycerine 
n  ffifn. 
Other  series  of  hydrocarbons. — The  first  series  of  paraffins  consists  of 
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saturated  hydrocarbons  ;  inaiiy  other  series  exist,  however,  in  which  thi 
C  is  unsaturated.  Their  general  formulee  are  as  follows:  C^Hj 
^.",.-.5  C.H,.  .;  C.H,...,iuul8ooi.. 

From  each  series  of  hydrocarbons,  the  corresponding  alcohols,  ini^ 
aldehydes,  and  ethei-s  are  obtainable.  The  alcohols  derived  from  sem 
ot  ethene,  C,H^,  are  called  glycols.  Hut  in  glycols  there  are  two  OH 
united  to  the  radical  instead  of  one — these  are  therefore  called  dktai^ 
alcohols;  and  similar  acids,  of  two  kinds,  may  be  obtained  by  thenk 
stitution  of  one  or  of  two  atoms  of  O  for  the  corresponding  H,  or  H^ 
An  example  or  two  may  be  cited : — 

C\  11^,  ethene;  C,  11^  Oil,  ethene  glycol;  C,  H^  O^,  glyeolk  wi\ 
C,  II,  O^,  oxalic  acid;  and  C,  II.,  propene ;  C,  H,  OH,,  propene  glfdi 
C^  H^  O^,  Idvtic  acid;  C,  H^  O^,  malonic  acid. 

The  next  series  of  hydrocarbons,  C^  H,^-,>  is  represented  byC,H^ 
acetyleiie  ;  the  next  C^H,^ .,,  by  terebinthene,  C,,  H,,;  the  next  C,H^. 
by  benzene,  C^  H..  * 

From  these  we  obtain  triatomic  alcohols,  e.g.^  glgcerinCf  C,  H,  OH^ 
tetratomic  alcohols,  e.y.,  vrgthrite^  C^  H,  011^,  and  hexatomic  alcohol^ 
e.ij,j  mannite^  C,  H^  OH/,  from  the  last,  the  carbohydrates  are  derived.* 

Of  tlie  hydrocarbons,  only  one  is,  as  we  have  said,  fouad  in  the  bodj^ 
vi/.,  methane;  of  the  alcohols,  cholesterine,  C,^  H^,  OH,  a  monatomi^ 
and  glycerine,  C^  H,  OH,,  a  triatomic  alcohol.  j 

Of  tlio  aldehydes  and  ketones  (analogous  products  to  aldehyde,  oh 
tallied  from  isomeric  alcohols),  aretojtc,  or  propyl  ketone,  is  found  in  Wool 
and  ill  urine,  ])artirulaily  in  diabetes.  The  glucoses  are  aldehydes  d| 
iiiaiiniU»,  and  the  other  earl)ohydraU?8  are  derived  from  that  class.  j 

Ft/fft/  Acids, — Formic,  atretic,  propionic,  butyric,  caproic  and  capiyBi 
are  all  more  or  less  represented  in  the  secretions  and  tissues  of  the  bon 
raliiiitic  and  stearic  in  fats. 

Aromatic  Seriks. — The  foundation  is  the  benzol  ring,  C,H,, 
bodies  containing  this  radical  are  closely  related.  They  differ  in  regM 
to  the  position  in  the  ring  of  the  H  atoms  which  are  replaced,  as  well  i 
in  regard  to  the  substances  which  replace  them;  the  derivatives  ofiB 
occur  in  the  decomposition  of  proteids.  Phenol  or  oxybeuzol  (C,H,0 
is  found  in  combination  in  the  urine  and  faeces.  Oxybenzoio  acid  (Cfi 
Ofl,  COOK)  is  a  common  decomposition  product  of  proteids;  one 
of  H  is  replaced  by  hydroxyl  and  another  by  carboxyl.  The  action 
Mi  lion's  reagent  is  due  to  the  benzol  ring.  Benxoic  Acidj  C,H,0,  is  alirt 
found  in  the  urine  of  herbivora  and  can  be  obtained  from  stele 
urine.     It  does  not  exist  free  elsewhere. 

Inorganic  Principles. 

The  inorganic  proximate  principles  of  the  human  body  are  numeio* 
They  are  derived,  for  the  most  part,  directly  from  food  and  drink,  \ 
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through  thv  syi>U:m  luiJiRjered.     Hinm'  are,  hovvin'tn',  deeompoBed  im 

way,  as  chloride  of  aodiuin,  of  which  only  four-lifths  of  the  tpiaiitity 

ted  are  excit^ted  in  the  same  iovm  j  and  some  are  uewly  formed 
the  body,— as,  for  example,  a  part  of  the  sulphates  and  oarbo- 

I,  and  some  of  the  water. 

of  the  inorganie  saline  matter  found  in  the  body  ie  a  necessary 
ent  of  ita  structure,— as  necessary  in  its  way  as  albumin  or  any 
organic  principle;  another  part  is  important  in  regulating  or  modi* 
ng  various  physical  processes,  aa  absorption,  solution,  and  the  like; 
ile  a  part  must  be  reckoned  only  as  matter,  which  is,  so  to  epeiik, 
jiJcii tally  present,  whether  derived  from  the  food  or  the  tissues,  and 
ikh  will,  at  the  first  opportunity,  be  excreted  from  the  Ixnly, 

Gtatts. — The  gaseous  matters  found  in  tlie  hiydy  are  Ojnjijfm^  Ihfdro' 

^  NUrngen^  Cttrhnrdtrd  ami  Suljfhitrviti'tl  /it/drof/rif^  ft  mi  Vttrbonlc  tieid. 

B  tirst  three  have   In^en    referred    to,     Carburetted  and  sulphuretted 

llrog¥*n  are  found  in  the  intestimil  canaL     (*arl*onic  acid  is  present  in 

blood  and  other  fluids,  and  is  excreted  in  large  (quantities  by  tlie 
igSj  and  in  very  minute  amount  by  the  skin.  It  will  be  specially  con- 
^d  in  the  chapter  on  Respiration. 

JTri/rr,  the  must  abundant  ot  tlie  ]>roxijnate  principles,  forms  a  large 
Iportiou, — more  than  two-thirds  of  the  weight  of  the  whole  body.  Its 
ative  amount  in  some  ol"  the  principal  solids  and  fluids  of  the  body  is 
•wn  in  the  following  table  (from  Kobin  and  Verdeil's)  : — 


QuANTrry  of  Water  in  10(MJ  Pabts. 


Ill 


lifaige 

icles 

■ment 


\m 
im 

550 

7as 

789 

7iir> 

805 


Milk      . 
PaniTi'atic  juice 
UriiK'     . 

Oastrir'  Jiiice 
l*irsi*ir!ilit>ii 
Snlivti    . 


887 

060 
f*75 


Tli#?  imi>f»rtance  of  water  as  a  constituent  of  the  animal  body  may  )>e 
Duied  from  the  preceding  table,  and  is  shown  in  a  still  more  striking 
oilier  by  its  withdrawal.  If  any  tissue,  as  muscle,  cartilage,  or  ten- 
,  be  subjected  to  heat  suiMcicnt  to  drive  oft"  the  greater  part  of  its 
ter,  all  its  characteristic  physical  |u-operties  are  destroyed;  jumI  what 
I  previously  soft,  elastic,  and  flexible  becomes  hard  and  brittle,  and 
mjt  so  as  to  be  scarcely  recognizable. 

la  all  the  fluids  of  the  bodj^— blood,  lymph,  etc.» — water  acts  the 
It  af  A  general  solvent,  and  by  its  ujeatis  alone  circulation  of  nutrient 
Iter  is  possible.  It  is  the  mediuHt  al»o  in  which  all  fluid  and  solid 
tn^cnts  are  dissolved  before  absorption,  as  well  as  the  means  by  whicJi 
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ally  exoept  gaseons,  excretory  products  are  removed.     AH  the 
processes  of  secretion,  ti-ansudation,  and  nutrition  depend  of  neoessitjii 
its  presence  for  their  performance. 

The  ^eater  part,  by  far,  of  the  water  present  in  the  body  is  t 
into  it  as  such  from  without,  in  the  food  and  drink.     A  small 
however,  is  the  result  of  the  chemical  union  of  hydrogen  with  oxygoil 
the  blood  and  tissue.     The  total  amount  taken  into  the  body  ereijd 
is  about  4^  lbs.;  while  an  uncertain  quantity  (perhaps  ^  to  }  lb.)i 
formed  by  chemical  aciiiou  within  it. — (Daltou.) 

The  loss  of  water  from  the  body  is  intimately  connected  with  i 
tion  from  the  lungs,  skin,  and  kidneys,  and,  to  a  less  extent,  from  1 
alimentary  canal.     The  loss  from  these  various  organs  may  be  thus  l 
portioned  (quoted  by  Dalton  from  various  observers). 

Prom  t lie  Alimontary  canal  (fji'cos) 4  per  cent 

huiiKs 20       •* 

"        8kin  (iK'rapimtion) 30       ** 

Kidneys  (urine) 46       * 

100 

Sod  I  tint  find  Potassiitni  Chlori/Ies  are  present  in  nearly  all  parts  of 
body.  The  former  seems  to  he  e8})ecially  necessary,  judging  from 
instiiK'tive  craving  for  it  on  the  part  of  animals  in  whose  food  it  is  dd 
(•ient,  aiul  from  the  diseased  condition  which  is  consequent  on  its  wiA 
(Irawal.  In  the  blood,  the  quantity  of  sodium  chloride  is  greater  thfl 
that  of  all  its  other  saline  ingredients  taken  togetlier.  In  the  mu8cl«| 
on  the  other  hand,  the  quantity  of  sodium  chloride  is  less  than  that  of  111 
chloride  of  ])otassium.  j 

Calrittin  Fiiton'dt'y  in  minute  amount,  is  present  in  the  bones  and  tem 
and  traces  have  been  found  in  the  blood  and  some  other  fluids. 

Cff/rh/nt,  Potiisshtm,  Sn(fiunty  and  Ma f/ne.^i inn  Phosphates  Bie  found! 
nearly  every  tissue  and  fluid.  In  some  tissues — the  bones  and  teeth— ll 
phosphate  of  calcium  exists  in  very  large  amount  and  is  the  princQl 
sour(;c  of  that  hardness  of  texture  on  which  the  proper  performance  I 
their  functions  so  much  depends.  The  phosphate  of  calcium  is  intimataa 
incori)orattHl  with  the  organic  basis  or  matrix,  but  it  can  be  removed  M 
acids  without  destroying  the  general  shajie  of  the  bone;  and,  after  tfc 
removal  of  its  inorganic  salts,  a  bone  is  left  soft,  tough,  and  flexible. 

Potassium  and  sodium  phosphates  with  the  carbonates,  maintain  tt 
alkalinity  of  the  blood. 

Calcium  Carbonate  occurs  in  bones  and  teeth,  but  in  much  smalk 
quantity  than  the  phosphate.  It  is  found  also  in  some  other  parts.  IS 
small  conci-etions  of  the  internal  ear  (otoliths)  are  composed  of  crystallii 
calcium  carbonate,  and  form  the  only  example  of  inorganic  crystallil 
matter  existing  as  such  in  the  body. 
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la^um  and  Sadlu7n  Carbonates  are  found  in  the  blood,  and  some 
tuids  and  tissues. 

tasftmmf  Stytllumj  afid  Ctildmn  Sidphatfs  are  met  with  in  small 
t  ill  most  of  the  solids  and  fluids. 

wn, — A  very  minute  quantity  of  silica  exists  in  the  urine,  and  in 
Mxl.  Traces  of  it  have  been  found  also  iu  bones,  hair,  and  some 
larts. 

», — The  especial  place  of  ii'on  is  in  haemoglobin,  the  coloring-mat- 
she  blood,  of  which  a  full  account  will  be  given  with  the  chemistry 
blood.  Peroxide  of  iron  is  found,  in  very  small  qutoitities,  in  the 
of  bones,  muscles,  and  many  tissues,  and  in  lymph  and  chyle, 
n  of  serum,  fibrin,  bile,  inilk  and  otiier  fluids;  and  a  salt  of  iron, 
]y  a  phosphate,  exists  in  the  hair,  black  pigment,  ami  other  deeply 
fepithelial  or  homy  substmiees. 

rm  in  iu  m ,  Mi  f  n  ga  n  e^e^  Copper  ^  n  ml  Lea  d. — It  see  m  s  m  os  t  likely  tli  at 
-human  body,  copper,  Uiangajiesium,  aluminium,  and  lead  are 
Boeident-al  ek^ments,  whieh,  Iteing  tiikeii  in  minute  quantities  with 
ni,  and  not  exeiet<:'d  at  once  with  the  f;e<*e8,  are  absorbed  and  de- 
l  in  sfjuie  tissue  or  orgau,  of  whiith,  hcnvL'ver,  they  form  no  neees* 
LTt.  In  the  same  manner,  arsenic,  being  ahsorlied,  may  be  depos- 
the  liver  and  other  parts. 

^k  Chkmico-Phtsioloqigal  Tests, 

ft/<7r  Glucose — (i.)  Trommer^s — This  test  depends  upon  the  power 
HBesses  of  reducing  cop|>er  salts  to  their  suboxide.  It  is  done  in 
Kriug  way : — An  excess  of  caustic  potash  and  then  a  solution  of 
sulphate,  drop  by  drop,  are  added  to  the  solution  containing  the 
Q  a  test-tube,  as  long  as  the  blue  precipitate  which  forms  redis- 
>a  shaking  the  tube.  The  upper  portion  of  the  Huid  is  then  heated, 
rellowish- brown  precipitate  of  copper  suboxide  appears.  The  test 
BO  be  done  by  taking  only  a  drop  or  two  of  tlie  copper  sulphate 

)  Maore^s, — ^If  a  solution  of  sugar  in  a  test-tube  is  boiled  with 
potash,  a  brown  coloration  appears. 

,)  I**tmnentatlon. — If  a  solution  of  sugai'  be  kept  in  the  wai'm  plate 
me  after  the  addition  of  yeast,  the  sugar  is  converted  into  alcohol 
rbon  dioxide.  (C^H,^0^  =  2C,HpH  +  2C0,.) 
)  Biitteher'^8  tfist, — A  little  Insiuuth  oxide  or  aubnitrate  and  an 
of  caustic  potash  are  added  Uj  the  solution  in  a  test-tube,  and  the 
e  is  heated;  the  solution  l>epomes  at  first  grny  and  then  black. 
)  Pirrtc  acid  test.— To  the  sohit-ion  about  a  fourth  of  ib*  bulk  of 
icid  (saturated  solution)  and  an  equal  quantity  of  caustic  potash 
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are  added,  and  the  solution  is  boiled;  the  liquid  becomes  of  a  Terjliq 
coffee-brown. 

(vi.)  Indigo-carmine  test. — Add  a  solution  of  indigo  carmine  to  eik 
sugar  solution  distinctly  blue,  and  add  solution  of  sodium  carbonatfl^il 
heat.  The  blue  color  changes  to  purple  and  then  to  brown  and  jdk 
but  is  restored  on  shaking  the  solution. 

(vii.)  Plienyl  hydrazine  test. — A  solution  of  phenyl  hydraiinsl 
droohloride  and  sodium  acetate  is  added.  Keep  in  water-bath  at  boQi 
for  some  minutes,  then  cool.    Yellow  crystals  result. 

Quantitative  Estimation  of  Orape  Sugar, 

1.  Fehling's  Method, — Solution  required  =  copper  sulphate  ando 
tic  soda,  with  some  sodic  potassic  tartrate  of  such  a  strength  that  10 
of  solution  contain  tlie  amount  of  cupric  oxide  which  0.5  grm.  of  n 
can  reduce  to  cuprous  oxido.  (This  solution  should  be  freshly  ; 
pared.)  It  is  made  as  follows :  Take  of  sulphate  of  copper,  40  gn 
neutral  tartrate  of  potash,  IGO  grms.;  caustic  soda  (sp.  gr.  1.12), 
grms.;  add  distilled  water  to  1154.5  c.c.  Each  10  c.c.  contains  .05  { 
of  sugar. 

Method, — Take  10  c.c.  of  the  saccharine  solution  free  from  albui 
and  add  90  c.c.  of  distilled  water.     Place  this  in  a  burette.     Put  is 
flask  or  dish  10  c.c.  of  the  sUmdard  solution,  and  dilute  with  four  ti 
its  bulk  of  water  and  boil.     Run  into  it,  from  burette,  some  of 
diluted  urine,  say  20  c.c,  and  boil.       Allow  precipitate  to  settle,  ai 
supernatant  fluid  is  still  blue,  add,  say,  5  c.c.  from  burette,  and 
again,  and  so  on,  till  the  fluid  ceases  to  have  a  blue  tinge,  taking  ( 
toward  the  end  of  the  process,  to  add  only  a  few  drops  each  time. 
after  adding  20  c.c.  of  diluted  urine  and  boiling,  the  fluid  has  1 
decolorized,  too  much  of  the  solution  has  been  added,  and  another 
mation  with  a  second  10  c.c.  of  standard  solution  must  be  made, 
less  than  20  c.c.  of  the  saccharine  solution  should  be  added  (say  10  • 
in  first  instance. 

When  the  number  of  c.c.  of  diluted  urine  required  to  decolorise 
solution  has  been  determined,  that  volume  contains  the  amount  of  si 
necessary  to  reduce  10  c.c.  of  standard  solution,  i,e.,  .05  grm.  But  < 
tenth  only  of  this  is  the  saccharine  solution,  .*.  one-tenth  of  numbe 
C.C.  used  contains  .05  grm.  of  sugar.  From  this,  the  percentage  car 
easily  calculated. 

2.  Pavy's  Modification  of  Fehliuffs  Method. — By  Pehling^s  metho 
is  difficult  and  tedious  to  judge  of  the  point  of  complete  reductio: 
the  cupric  oxide.  Dr.  Pavy,  acdordiufijly,  uses  a  strongly  ammoni 
solution  of  the  above.  A  certain  amount  is  introduced  into  a  si 
flask,  which  is  then  heated  till  the  vapor  of  ammonia  escapes  by  a 
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Tho  sugar  gohition  is  then  allowed  to  flow  Irom  a  burette 
le  fiaak  until  the  blueiieas  lias  diaappeared,  thu  solutiou  being 
»iliag  all  tht!  time.     The  hkieuesB  is  apt  to  disappear  suddoiily, 
should  therefore  ho  taken  toward  tho  end  of  tho  procesB. 

CUculato  aa  in  Fehliug'tj  method, 

Si  &i{maiion  of  .iugar  btf  fermeuiai ion. —In  tho  case  of  sacoharine 

foe,  it  in  allow;%ble  as  a  single  teat  to  use  the  following  method : — Take 

ecifio  gravity  of  urine  before  and  after  fcr  men  tut  ion.     Each  degree 

specific  grayity  lost  by  the  urine  represents  one  grain  of  sugar  per 

pee  of  urine. 

I  i  Sugar  may  also  be  estimated  by  adding  yeast  to  urine,  and  eol- 
■tethc  carbon  dioxide  evolved*     The  carbon  dioxide  is  a  moasure 
B  tmouut  of  sugar  present. 

5.  Tho  estimation  may  also  bo  done  by  the  saccharimeter,  an  instni- 
It  for  tho  estimation  of  the  degree  of  polanj?;ttioTi  which  a  ray  of 
li  undergoes  in  passing  through  a  solution  of  Bugtir,  either  to  the  left 
D  the  right. 

tlrea»  CO  (Nlla)a.  The  properties  anci  relations  of  urea  have  been 
ted  of  at  some  length  in  the  chapter  upon  excj-etion.  There  ro- 
to  be  described  the  method  of  its  quantitative  estimation  In  the 
m»  There  are  two  chief  methods,  viz.  :— 
|i.)  Hypobromite  Method, — One  of  the  forms  of  apparatus  employed 
Ilia  method  (Kussell  and  West's)  consists  of  (a)  a  water-bath  sup- 
tod  by  three  iron  bands,  arranged  as  a  tripod.     The  bath  is  provided 

a  cylindrical  depression,  and  with  a  hole,  into  which  fits  a  perfo- 
india^rubber  cork:  {b)  a  bulb  tube  w4th  a  constricted  neck;  {c}  a 

rod  provided  with  an  india-rubber  band  at  one  extremity;  (d)  a 
|lte  of  five  cubic  centimetres  capacity;  (e)  a  graduated  glass  collect* 
be;  (/)  a  spirit  lamp;  {ij}  a  wash-bottle  with  distilled  water;  (//) 
ibromous  solution.  The  hypobromous  solution  is  mado  in  ilie  fol- 
feig  way:  three  and  a  half  ounces  (100  grm.)  of  solid  caustic  soda  is 
lived  in  nine  ounces  (i*50  grm.)  of  distilled  water.     When  the  soUi- 

10  coldi  seven  drachms  (25  c,c»)  of  pure  bromine  are  to  be  afhled 
'ttUy  and  gi'adually.  The  mixture  is  not  to  be  filtered;  it  keeps 
f^and  for  this  reason  it  nhonld  be  made  sliorily  before  it  is  required; 
le  solution  of  caustic  soda  in  water  may  he  made  in  large  quantities 

does  not  undergo  any  change,  the  bromine  in  the  proper  propor- 
being  added  at  the  time  it  is  required  for  use, 

Ueikod,— Fill  the  pipette  to  the  mark  on  the  stem  with  the  urine  to 
latnined;  pour  the  5  ac.  of  urine  thus  measured  nut  into  the  bulb; 
[p  the  bulb  tube  as  far  as  the  constricted  neck  with  distilled  water 
\  the  wa«h-bottle;  insert  the  glass  rod  (c)  in  such  a  way  that  the 
hTiibber  band  at  the  extremity  fills  up  the  constricted  neck ;  the 
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dUuted  urine  should  exactly  oecupj  the  bulb  and  neck  of  ibetube,! 
bubble  of  air  being  below  the  elastic  band  on  the  one  h&nd^  w hiW4 
the  other  the  fluid  should  not  rise  above  the  band;  in  the  former d 
a  little  more  water  should  be  added^  in  the  latter  a  fresh  portiflt 
urine  must  be  used^  and  the  experiment  repeated.  After  adjuatingA 
glaes  rod,  fill  up  the  rest  of  the  bulb  tube  with  hypobromous  aolotia 
it  will  not  mix  with  the  urine  so  long  as  the  rod  la  in  place* 
water-bath  having  been  previously  erected,  and  the  india-rubb^ 
fixed  firmly  into  the  aperture,  the  bulb  tube  is  to  be  thrust  fromi 
through  the  perforation  in  the  cork.  The  greater  part  of  the  tukl 
then  beneath  the  water-bath,  the  upper  extremity  alone  being  gmp 
by  the  cork.  Fill  the  water-bath  half  full  of  water,  fill  also  the  gn 
uated  glass  tube  (#)  with  water,  and  invert  it  in  the  bath;  in  doil 
this  no  air  must  enter  the  tube,  which  when  inverted  should  be  oo^ 
pletely  filled  with  water.  Now  slide  the  graduated  tube  toward  d 
orifice  of  the  bulb  tube,  at  the  same  tiuie  withdrawing  the  glaa  n 
which  projects  into  the  bath  through  the  cork.  At  the  instant  thatt) 
rod  is  withdrawn  the  hypobromous  solution  mixes  with  the  dilul 
urine,  and  a  decomposition  takes  place  represented  thus:  CONA 
3NaBrO  +  2NaH0  =  :^  NaBr  +  3H  >0  +  Xa^COs  +  Ka.  Urea  +  ^ 
hypobromite  -|-  cans  tic  soda  =  sodium  bromide  +  water  +  sodium  caifcf 
ate  +  nitrogen.  The  nitrogen  produced  is  given  off  as  gas,  and  i 
places  the  water  in  the  graduated  tube,  which  is  held  over  it.  The  J 
is  at  first  evolved  briskly,  but  afterward  more  slowly;  to  facilitate » 
evolution,  the  bulb  of  the  tube  may  be  dighily  warmed  with  a  «pj 
lamp;  aa  a  rule,  however,  this  is  unnecessary.  After  ten  minuteaj 
amount  of  water  displaced  by  the  gas  should  be  read  off  on  tbeN 
which  is  divided  into  tenths.  Each  number  on  the  tube  represents  | 
gram  of  urea  in  100  ex.  of  urine.  Normal  urine  should  yield  rou^ 
1,5-2.5  parts  of  nitrogen  by  this  test.  If  5  c.c,  of  urine  gives  off  ml 
nitrogen  than  fills  the  tube  to  iii.,  dilute  the  urine  with  an  equal  volo] 
of  water,  and  take  5  cc;  read  off  and  multiply  by  two.* 

Several  apparatus  may  be  employed  instead  of  the  one  described,  ll 
those  of  Dupre,  Gerard,  and  Squibb.  The  chemical  reactioDB  in  m 
case  are  the  same. 

(ii.)  Liebig's  Method. — This  method  is  of  greater  accuracy,  m 
sohdions  required  are  (a)  baryta  mixture  =  2  vols,  of  saturated  solntl 
of  barium  nitrate  and  1  voL  of  saturated  solution  of  barium  hydni 
{h)  standard  solution  of  msrctitic  nitrate,  such  that  1  c*c,  will  precij 
,01  grm,  of  urea,  and  {c)  a  solution  of  earbonate  of  soda. 

Method.—Take  40  c.c.  of  urine,  add  20  c.c.  of  {a),  filter  off 
cipitate  of  sulphates  and  phosphates;  keep  the  filtrate.     Fill  a 

*  Several  corrections  have  to  be  made  before  the  result  can  be  consideiwli 
accurate ;  for  these  the  detailed  acoouuta  in  practical  handbooka  of  Phjr 
should  be  c^^nsulted. 
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»itk  {h)f  and  take  15  c.c.  of  the  filtmto  in  a  di&h.  Let  (h)  fall  drop  by 
ifop  into  the  15  c.c,  in  the  dish,  stirring  constantly.  Have  ready  a  glass 
kittle  with  several  separate  drops  of  {f),  and  from  time  to  time  add  a 
lt)|)of  the  urine  mixture  hy  means  of  a  glass  rod  to  one  of  the  drops, 
then  a  yellow  color  Jiri<t  appears  in  a  drop  of  the  NaCOg,  the  mercuric 
Hnte  is  just  in  excess.     Head  the  hurette.     Calculate  as  follows: 

1  cc.  of  mercuric  solution  precipitates  .01  grm.  of  urea,/,  the  No.  of 
a  lied  X  .01  =  amount  of  urea  in  15  c.c.  of  filtrate,  i.e.,  in  10  c.c.  of 
rtne.  But  10  c.c.  of  urine  usually  contains  enough  NaCl  to  act  on  'Z  c,c. 
t  mercury  solution.*  Hence,  when  reckoning  the  number  of  ex*  of 
Hiding  mercury  soluiion  used,  a  deduction  of  2  c,c.  mutst  always  H 

i$. 

Quaniitative  Estimation  of  Chlorides. 

Liebig^s  Mdhod,-^The  fitoluiions  required  are  a  barjfta  mixture  as 
dte;  and  (J)  standard  solution  of  msratric  nitrate,  such  that  1  c.c, 
mid  be  capable  of  decompoaing  .01  grm.  of  sodium  chloride. 

MUhad. — Take  40  c.c.  of  urine  free  from  albumen,  and  add  20  c.c.  of 

,  Filter.  Take  15  c.c,  of  filtrate  and  place  in  a  flask  or  dish,  adding 
frop  or  two  of  nitric  acid.  Fill  a  burette  with  (//)»  and  slowly  run 
m  of  this  solution  into  the  filtrate  in  the  dish,  stirring  constantly. 
B»i  as  a  distinct  cloud  appears  in  the  diluted  urine^  and  does  not 
Ippear  on  stirring,  then  all  the  sodium  chloride  in  urine  has  been 
Kimposed.       Read  burette.     Calctihite  as  follows: 

1  c,c  of  mercury  solution  decomposed  .01  grm.  of  NaCl,  .\  the 
mber  of  c.c»  used  x  -01  grm,  =  number  of  grms.  of  NaCl  in  15  c*c.  of 
imtO;  t\e.,  10  cc,  of  urine, 

^r  Quantitative  Estimation  of  Phosphates. 

The  solutions  required  are  {a)  solution  of  sodium  acetate,  containing 
I  grm*  of  sodium  acetate,  IDO  e.c.  of  acetic  acid,  and  *)00  c.c.  of  distilled 
»r;  {h)  a  solution  of  uranium  acetate  or  nitrate,  such  that  1  c.c.  will 
cipitate  .005  grm.  of  phosphoric  acid;  and  (c)  a  solution  of  ferro- 
nide  of  poiasnum. 

Mdhnd. — Take  50  c.c.  of  urine.  Add  some  (a)  solution,  and  heat  on 
ier-baih  to  nearly  lOO"*  C*  Fill  burette  with  (A),  and  allow  this  to 
into  the  urine  slowly.  Have  ready  a  glass  plate  with  several  distinct 
p8  of  potassium  fcrro-cyanidc  solution.  From  time  to  time  add  a 
p  of  urine  mixture  to  one  of  the  drops;  and  when  there  first  ap- 
«  a  reddish-brown  color  in  a  drop  of  potassium  ferro-cyanide,  all  the 
Mrphates  are  precipitated.  Read  burette.  Calculate  thus: 
1  aa  precipitates  .005  grm,  of  phosphoric  acid,  «\  the  number  of  co. 
d  X  .(K)5  grm.  =  number  of  grms.  of  phosphoric  acid  in  50  ex,  of 

we. 

^  This  ifl  only  a  rough  estimate. 
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CHAPTER  V. 

THE  BLOOD. 

The  blood  is  the  fiuid  medium  by  means  of  whiok  all  the  tissoes  rf 
the  body  are  dii*ectly  or  indirectly  nourished^  oxygen  being  carried  to  tkq 
lungs  and  products  of  absorption  from  the  alimentary  canal  to  the  tiJiMl.j 
By  means  of  it  also  such  of  the  materials  which  result  from  the  metabo^ 
ism  of  tlui  tissues  as  are  of  no  further  use  in  the  ecoitomy,  are  carried toj 
the  excretory  organs  to  be  removed  from  the  body.  Finally,  it  also 
as  a  medium  of  exchange  for  products  of  glandular  ai^tivity  between 
various  tissues  themselves  (internal  secretions),  and  is  a  factor  in 
regulation  of  lK)dy  temperatui-e.  It  is  a  somewhat  viscid  fluid,  and 
man  and  in  all  other  vertebrate  animals  with  tlie  exception  of  two,* 
red  in  color.  The  exact  shade  of  red  is  variable ;  that  taken  fiom 
arteries,  from  the  left  side  of  the  heart  and  from  the  pulmonary  veins 
of  a  bright  scarlet  hue,  that  obtained  from  the  systemic  veins,  fromtM 
right  side  of  the  heart,  and  from  the  pulmonary  artery,  is  of  a  mwlt 
darker  color,  and  varies  from  bluish-red  to  reddish-black.  At  first  sigii^ 
the  red  color  appears  to  belong  to  the  whole  mass  of  blood,  but  on  fortfas 
examination  this  is  found  not  to  be  the  case.  In  reality  blood  consists ot 
an  almost  colorless  Huid,  called  plasma  or  liquor  sanguinis,  in  whkk 
are  suspended  immenms  minute  rounded  masses  of  protoplasm,  callel 
blood  corpuscles,  which  are,  for  the  most  part,  colored,  and  it  is  to 
their  presence  in  the  fluid  that  the  red  color  of  the  blood  is  due. 

Even  when  examined  in  very  thin  layers,  blood  is  opaque,  on  aocoaBi 
of  the  diffei-eiit  refractive  powers  possessed  by  its  two  constituents,  vis.| 
the  plasma  and  the  corpuscles.  On  treatment  with  various  reagents,  soA 
as  distilled  water  and  chloroform,  it  becomes  transparent  and  assumes i 
lake  color  (laky  blood)  in  consequence  of  the  extrusion  of  tlie  colorin| 
matter  from  the  red  corpuscles  into  the  jdasma  in  which  it  dissolTes. 
Under  normal  conditions,  the  average  sitrcific  gravity  in  adults  is  aboifc 
1.059,  the  extreme  variations,  taken  from  tables  by  various  authoritifl^ 
being  1.045  to  l.OCO.  These  variations  are  due  principally  to  changes  in 
the  cellular  constituents,  tlie  fluid  portion  tending  under  all  conditions  to 
maintain  it-s  specific  gravity  at  a  constant.     A  rapid  and  useful  meAod 
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^fitiraatiiig  tlie  8|>ecilic  gravity  i»f  blootl  is  the  one  dovised  by  Ilairinier- 

llagus  amuiliHciitiyn  of  Koy^s  iiiethod       Ohloroforiii  imd  k-uzul^  wliich 

\  resjHfotively  liiiiivier  and  Hgliter  than  blood,  are  mixed  in  sucli  jnopor- 

ns  tliat  the  resultant  8i>eoiHo  gmvity  is  about  L05li.     A  drop  of  bUnjd 

iheii  added  totliLs  mixture,  with  wliich  it  does  nut  mix  at  all,  but  iiuats 

\z  red  bead>     Accordingly  as  it  sinks  to  the  L>utl4>m  or  rises  to  ttie  top, 

Oier  chh3rofonn  or  benzol  is  addtuL     Wlien  the  drop  remaiufi  stationary 

kthe  body  of  the  liquid  the  speeitie  gravity  of  the  mixture  will  be  the 

as  thai  of  the   blood,  and  can  be   ascertained  by  a   bydmmeter. 

hienioglobiti  ia  the  [irincipiil  constituent  of  the  eelluhir  elements, 

iaciiueriicblag  and  others  have  kused  tables  of  changes  of  luemoglobin 

croeutage  upon  variations  of  speciHc  gravity.     The  jihysiologieal   va- 

ations  may  be  considerable,  depending  on  the  age,  sex,  time  of  day, 

mount  of  exercise  or  sleep,  etc.     Tlie  specific  gravity  \b  increased  by 

iudence  in  high  altitudes.     According  to  Jones  it  is  very  high  (L006) 

I  new-born  infants,  but,  after  the  second  week,  sinks  throngbout  the 

rtt  year  of  life  (to  1,048-1,050)  and  then  rises  again,  becomhjg  almost 

f  high  ill  old  age  as  in  infancy.     In  patluilogical  eoiulitions  the  variations 

ay  be  most  niarked,  f.y.,  tlie  specific  gravity  is  const^uitly  lowered  in 

Memia,  while  in  cachexia  resulting  from  nudiguant  new  growths  it  may 

fea  be  reduced  to  l.O.TO  (Lyoiniet).     Various  drugs  (e.*/.,  dhiretics  and 

Bphoretics)  also  affect  the  speeitie  gravity.     The  rmriion  of  blood  is 

Intly  alkaline  and  the  tttste  saltisli.     Its  tempcrtttitre  varies  slightly, 

le  a\^rage  being  37.8"  C.  ( 100"  F.).     The  blood  stream  is  warmed  by 

;ssing  through  the  niuscles,  nerve  centres,  ami  glamls,  but  is  somewhat 

(oled  on  traversing  the  capillaries  of  the  skin.      Recently  drawn  blood 

Is  a  distinct  odor^  which  in  many  cases  is  characteristic  of  the  aninnil 

bm  which  it  has  been  taken.     It  may  l>e  further  developed  also  by  add- 

g  t<i  blood  a  mixture  of  equal  parts  of  sulpljuric  acid  and  water 

Quantity  of  the  Blood.— The  quantity  of  blood  in  any  animal 
uler  normal  conditions  bears  a  fairly  constant  relation  to  the  body*. 
ight.  Tlie  methods  employed  for  estimating  it  are  not  so  sinqde  as 
ght  at  fii-st  sight  have  been  thought. 

'  The  result  of  many  expevinients  shows  that  the  quantity  of  blood  in 
In  averages  p^  to  j\  of  the  t<jtal  body-weight. 

An  estimate  of  the  quantity  in  man  which  corresponded  nearly  with 
Is  pniportiou  hiis  been  more  than  once  made  from  tlie  following  data: 
cnxuiual  was  weighed  before  and  after  decapitation;  the  difference  in 
r  weight  representing  the  quantity  of  blood  w^hieh  escaped.  The  blood* 
BBf*\s  of  the  head  and  trunk  were  then  waslied  out  by  the  injection  of 
Iter,  until  the  fluid  which  escaped  had  only  a  pale  red  or  straw  color. 
fltud  was  then  also  weighed ;  and  the  amount  of  blood  which  it  rep- 
d  was  calculated  by  comparing  the   proportion  of  solid  matter 
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contained  in  it  with  that  of  the  first  blood  which  escaped  on  decapitatka. 
Two  experiments  of  this  kind  gave  precisely  similar  results  (Weber  ari 
Lehmann. ) 

In  tlie  rabbit,  according  to  Vierordt,  the  distribution  of  the  blood  ii 
as  follows : 

Heart,  lungs,  and  large  TcsselB  i 

Liver i 

Resting  muscle i 

Remaining  organs i 

It  should  he  rememl)eredy  in  connection  with  these  estimations,  that 
the  quantity  of  the  blood  must  vai-y  very  considerably,  even  in  the  same 
animal,  with  the*  amount  of  lK)th  the  ingesta  and  egesta  of  the  i^eriod  int- 
mediately  preceding  the  ex})eriment;  it  has  been  found,  for  example,  that 
the  quantity  of  blood  obtainable  f  nmi  the  body  of  a  fasting  animal  raitlj 
exceeds  a  half  of  that  which  is  presi^ut  soon  after  a  full  meal. 

Coagulation  of  the  Blood. 

One  of  the  most  characteristic  properties  which  the  blood  possesses  ii. 
that  of  clottintj  ur  nrntjulatlntj.  This  phenomenon  may  be  observed  uiidflT 
the  most  favorable  conditions  in  blood  which  has  been  drawn  into  an  opa^ 
vessel.  In  al)out  two  or  thn^e  minutes,  at  the  ordinaiy  temperature  of^ 
the  air,  the  surface  of  the  iUiid  is  seen  to  become  semi-solid  or  jell^flikit 
and  this  cluuigi*  takes  pla(*e,  in  a  minute  or  two  afterwanl,  at  the  sides ol 
the  vrs8(>l  in  whi(^h  it  is  contained  and  then  extends  throughout  the  en- 
tiiv  mass.  The  tinu*  whii^li  is  (K»cMi})ii»d  in  these  changes  is  about  eight  or 
nine  niiuutvs.  The  solid  mass  is  of  exactly  the  same  volume  as  the  piv 
viously  liquid  bl(K>d,  and  adheivs  so  elosely  to  the  sides  of  the  containing 
vessel  that  if  the  latUn-  ho  inverted  none  of  its  contents  escape.  Thi 
solid  mass  is  the  rr<t,<sniHr/ifuni  or  rfnt.  If  the  dot  l>e  watched  for  a  few 
minutes,  drops  of  a  light,  straw-eolored  fluid,  the  *m//w,  may  be  seen  to' 
make  their  appearanee  on  the  surfaee,  and,  as  they  lx*come  more  and- 
mon»  imniiTous,  to  run  t.t>gether,  forming  a  complete  sui»eriieial  stratUB  | 
alhu'e  the  stdid  elot.  At  the  same  time  the  fluid  l>egins  to  transude  at - 
the  sitles  and  at.  the  uuiUm*  surfaee  of  tin*  elot,  which  in  the  course  of  an  i 
hour  or  two  tloats  in  the  liquid.  The  tirst  dro])s  of  serum  api)ear  on  the  j 
surfaee  alnnit  eleven  or  twelve  minutes  after  the  blood  has  been  drawn;, 
and  the  fluid  continues  to  transude  for  from  thirty -six  to  forty-eight 
hours. 

The  clotting  of  bliKMl  is  due  to  the  development  in  it  of  a  substanoa 
called  ^/?7»nw,  which  a]>]>ears  as  a  meshwork  (fig.  117)  of  fine  fibriU 
This  meshwork  entangles  and  encloses  within  itself  the  blood  coqmsclca. 
The  fh-st  clot  fonned,  then^ft>re,  includes  the  whole  of  the  constituents  of 
the  h\oo\\  in  an  appan»ntly  solid  mass,  but  soon  the  fibrinous  meshwoik 


IginB  to  contract  and  the  serum  which  does  not  belong  to  the  dot  is 
peezed  out.  When  the  whole  of  the  Berum  has  transuded,  the  clot  is 
mod  to  be  smaller,  but  firmer  and  harder,  as  it  is  now  made  up  of  fibrin 
blood  corpuscles  only.  Thus  coagulation  rearranges  the  constitn- 
its  of  the  blood ;  liquid  blood  being  made  up  of  plasma  and  blood  cor- 
lucles,  and  clotted  blood  of  senim  and  clot. 

liquid  Blood. 
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aotted  Blood. 

Under  ordinary  circumstances,  coagulation  occurs  before  the  red  cor- 
scleshave  had  time  to  subside;  and  thus,  from  their  Vicing  entangled  in 
meshes  of  the  fibrin,  the  clot  i.s  of  a  deep  red  color  throughout,  prob- 
\j  slightly  darker  at  the  most  dependent  part,  from  greater  accumula- 
ou  uf  red  corpuscles  there  than  elsewhere.  When,  however,  eoaguhition 
from  any  cause  delayed,  as  when  blood  is  kept  at  a  temperature  slightly 
B  0'^  C.  (32°  F.),  or  when  clotting  is  naturally  slow,  as  is  the  case 
ith  horse's  blood,  or^  lastly,  in  certain  diseased  conditions,  puxiieularly 
inflammatory  states,  time  is  allowed  for  the  colored  corpuscles  to  sink 
the  bottom  of  the  fluid.  When  clotting  after  a  time  occurs,  the  upper 
pars  of  the  blood  are  free  of  colored  corpuscles  and  consist  chiefly  of 
rin.  This  forms  a  sujterficiai  stratum  differijig  in  api:»earance  from  tlie 
It  of  the  clot,  and  is  of  a  grayisli-yellow  color.  This  is  known  as  the 
1^  coat  or  ent^ta  phlotjistka.  The  ImfTy  coat,  produced  in  the  manner 
described,  commonly  contracts  nmre  than  the  rest  of  the  clot,  on  ac- 
Hmt  of  the  absence  of  colored  corpuscles  from  ita  meshes,  and  because 
mtmetion  is  less  interfered  with  by  adhesion  to  the  interior  of  the  con- 
linuig  vessel  in  the  vertical  than  the  horizontal  direction.  A  cup-like 
|if»earance  of  the  bufFy  coat  results,  and  the  clot  is  not  only  buffed  but 
tpiifd  on  the  surface.  The  buify  coat  also  contains  numeraus  white 
ood  corpuscles  which  have  emerged  from  the  clot. 

Formation  of  Fibrin, — That  the  clotting  of  blood  is  due  to  the  gradual 
^arance  in  it  of  fibrin  may  be  easily  demonstrated.  For  exajnple,  if 
eiitly  drawn  blood  be  whipped  with  a  bundle  of  twigs,  the  fibrin  may 
irithdrawn  from  the  blood  before  it  can  entangle  the  blood  corpuscles 
rithin  its  meshes,  as  it  adheres  to  the  twigs  in  stringy  threads  almost 
from  corpuscles ;  the  blood  from  which  the  fibrin  haa  been  withdrawn 
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no  longer  oihibitsthe  power  of  Bpontaneoas  coagQlabilitj  (defib 
blood).     Although  thoao  facts  have  long  been  known,  the  dont;  i 
sociuted  problem  {jlb  to  tlie  exact  manner  in  which  fibrin  is  formed  isbyi 
means  so  simple.     It  will  be  most  convenient  to  treat  of  the  questkmi 
by  step. 

Fibrin  is  derived  from  the  plasma. 

Pure  plasma  may  be  proeui-ed  by  delaying  coagulation  in  blood  1 
keeping  it  at  a  U'mi>eratui'e  slightly  above  fi-eezing  point,  until  the  (xdonll 
corpuscles  have  subsided  to  the  bottom  of  the  containing  vessel;  thel 
of  the  horse  being  siHJcially  suited  for  the  purposes  of  this  exper 
A  portion  of  the  colorless  suiiernatant  plasma,  if  decanted  into  ano 
vessel  and  exposed  to  the  ordinary  temperature  of  the  air,  will  ( 


no.  117.- 


-Retlculum  of  Qbrin,  f rum  a  drop  of  human  blood,  after  treatment  wltb 
(Ranvtor.) 


just  as  though  it  were  the  entii-e  blood,  producing  a  clot  similar  in  all  re-| 
spi'cts  to  blood  clot,  exci'pt  that  it  is  almost  colorless  from  the  absence  ol; 
red  corpuscles  If  some  of  the  })lasma  be  diluted  with  twice  or  threi^ 
tinu»s  its  bulk  of  iu)rnial  saline  solution  (0.9  per  cent),  coagulation  is  dfl-l 
layed,  aiul  the  stagt^s  of  the  gradual  formation  of  fibrin  in  it  may  be  con-i 
veniently  watched.  The  viscidity  which  ju-ecedes  the  complete  coagult-i 
t  ion  may  be  actually  seen  to  be  due  to  the  formation  of  fibrin  fibrils — fiiil 
of  all  at  the  edge  of  the  fluid-containing  vessel,  and  then  gradually  ei^ 
tending  throughout  the  mass. 

If  a  further  portion  of  plasma,  diluted  or  not,  be  whipped  with  a  bam 
die  of  twigs,  tlie  fibrin  may  be  obtained  as  a  solid,  stringy  mass,  just  h 
the  same  way  as  from  the  entire  blood,  and  the  resulting  fluid  no  1 
retains  its  power  of  spontaneous  coagulability. 

It  is  not  indeed  newssary  that  tlie  j>lasma  shall  have  been  obtained 
the  process  of  cooling  alK)ve  descril)ed,  as  if  it  had  been  separated 
the  corpuscles  in  any  other  way,  f.r/.,  by  allowing  blood  to  flow 
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be  Teasels  of  an  animal  into  a  vessel  containing  a  third  or  a  fourth 
balk  of  a  saturated  solution  of  a  neutral  salt  (preferably  of  magne* 
ir  sodium  sulphate)  and  mixing  carefully^  will  answer  the  purpose 
Lst  as  in  the  other  case,  the  colored  corpuscles  will  subside,  leaving 
ar  superstratum  of  (salted)  plasma.  In  order  that  salted  plasma 
>agulatey  however,  it  is  necessary  to  get  rid  of  the  salts  by  dialysis, 
ilute  it  with  several  times  its  bulk  of  water. 
leories  of  Coagulation. — ^AU  present  theories  of  coagulation 
n  that  fibrin  is  formed  by  a  reaction  between  iibi-inogen  and  throm- 
the  presence  of  calcium  salts.  Beyond  this,  however,  there  is 
ifference  of  opinion.  The  chief  points  at  issue  are :  (1)  the  origin 
nogen ;  (2)  the  uature  of  thrombin ;  (3)  the  natui-e  of  the  reaction 
n  fibrinogen  and  thrombin. 

Hammarsten  has  shown  that  the  presence  of  paraglobulin  is  not 
.ry  for  coagulation,  Schmidt  believes,  however,  that  fibrinogen 
red  f roui  paraglobulin  after  the  blood  is  shed  from  the  body. 
The  nature  of  thrombin  is  not  as  yet  satisfactorily  determined, 
ariug  has  concluded  from  expenment  that  thrombin  is  a  compound 
ucleo-albumin  with  the  calcium  salts  of  the  blood.     He  has  suc- 

SCBULi  OF  OOAODLATIOM. 

Blood 


Corpincles 


Neutral  Salts       Fibrinogen        Calcium  Salts  White 

(far  <»«olHni{ 
SbfiiMgra) 


Fibrin-globulin      \  Nudeo^Ubumin 


Fibrin 


in  separating  from  blood-plasma  a  n ucleo-albumin,  which  when 
t  into  solution  with  tibriuogen  and  calcium  salts  will  form  fibrin, 
wever,  this  uucleo-albumin  be  brought  iuto  contact  with  either 
gen  alone  or  calcium  salts  alone,  no  clotting  will  occur. 
Lell taring  further  supposes  that  thrombin  is  not  i)resent  in  blood 
ting  in  the  body — at  any  rate  in  greater  than  minimal  quantities; 
it  when  blood  is  di-awn  or  for  other  reasons  coagulates  in  the  body, 
it-e  blood-cells  bi*eak  down,  nucleo-albumin  is  liberated,  and  then 
with  the  calcium  salts  to  form  thrombin. 
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3.  The  nature  of  the  reaction  between  fibrinogen  and  thromlHQ 
not  lje«fn  detinitely  detenjiiiied.  Hammarsten  has  proved,  howeTer,t 
thf;  entire  fibrinogen  molecule  do^s  not  enter  into  the  reaction  to  bee 
fibrin.  A  part  of  it  splits  off  and  {Vasses  into  solution  as  fibrin-gloh 
Therf5  is  strong  evidence  that  fibrin  is  a  compound  of  calcium  with  & 
tion  of  the  fibrinogen  molecule.  There  are  three  factors,  then,  in 
reairtion — fibrinogen ,  nudeo-albumin,  calcium  salts.  According  to P 
haring,  the  nucleo-albumin  first  combines  with  the  calcium  salts,  for 
thrombin,  which  in  turn  causes  a  splitting  of  the  fibrinogen  molec 
thn  calcium  remaining  with  one  {KJi-tion  of  the  molecule  to  form  insc 
fibrin,  the  other  portion  passing  into  solution  as  fibrin-globulin.  Ai 
ing  to  Lilienfeld,  the  reaction  first  occurs  between  the  fibrinogenmo 
and  the  nu(*I(>o-albuuiin,  resulting  in  a  splitting  of  the  former.  A  p 
of  the  fibrinogen  molecule  then  unites  with  the  calcium  salts  to 
fibrin. 

i m porta nrr  of  Calclunt  Sttlts  in  Coagulation, — Blood  will  nc 
<»x(H*)»t  in  the  pivsenoe  of  soluble  calcium  salts.  If  potassium  • 
diuni  oxalate  Ix*  added  to  blood  as  it  is  drawn  from  the  vessels  in 
tit  iert  Hutlioient  to  pnH*ipitiite  tiie  calcium  salts,  coagulation  will  no 
iHHMir.  I^ut  blooil  whioh  has  thus  lost  its  coagulability  may  be  m 
olot  \ipon  tluMiddition  of  soluble  calcium  salts  in  proper  proportion, 
fact  has  Wvw  demonstrated  not  only  for  blood,  but  for  solutions  oj 
libnnoy^Mi. 

.>iM/»vi\«  i>r*rA«'  FiMn  FtrmfHt. — Fibrin  ferment  cannot  be  obtai 
any  appnviable  amount  from  bliHui  which  is  allowed  to  flow  direc 
tl»o  hwukj  \rs>el  into  absolute  alcohol.  It  is  almost  certainly  are 
Xho  u\otv  or  los^  coniplctt*  ilisiutojrration  of  the  colorless  corpuscle,' 
bivssl  is  >htAU  or  ot"  the  t;\;r\i  ivrouscles  which  will  be  described  la 
uuxler  the  t\a:r.e  ot"  ."  *  s:*  :  "  •  .v.  The  i»rvx>fs  of  this  may  be 
^;;'\^uiaf..exl  a^lollow^  ^l*  That  a'.l  s::\v.;j::y  c^>a^alable  fluids  c 
•.V.,'>e  A^'. ;  v.s,'\  s  a>.,.,^Nt  :r.  x-.nv:  i  r.  :vr::.  :i  to  their  coagulabilit 
;  :or^'*.j:v,  \v.;i>,  >v,/..  as  needles  projecting  ii 
>.  \  r ' »:  >*  .\\;  •  V  t'  s>< '  < .  Ar\^  ;  reoeiied  by  an  aggre 
^Liv^h  these  corpuscle 


.<  > ; 


V\\:\\  e*OtN  ?\-,  ;: 

\v  >  to  N»  v/.;"t> ,  /,  :<  ^x  ; ',  ^     4     v-.a:  ::  h.rsr's  K-xxl  l^e  kept 
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rthe  microscope  the  tibiin  tibiils  are  seen  to  start  from  the  colorless 

uscles. 
Conditions  affecting:  Coagulation.— The  coagulation  of  the  blood 

Stened  by  the  followiug  means: — 
1  MMhrate  ivarmih,—h'om  about  3T.8-49''  C,  (100^  to  120°  F.). 
Bfst  is  favorable  to  the  coagulation  of  blood.     Blootl,  of  which  the 
mass  is  kept  in  uniform  motion,  as  when  a  closed  vessel  completely 
ki  with  it  is  constantly  moved,  coagulates  slowy  and  imperfeetly 
Jl  Cvntact  With  foreign  matter ^  and  especially  multiplieatitxii  of  the 
Its  of  contact.     Thus,  as  before  mentioned,  tibrin  may   l)e  rpuekly 
lilted  from  liquid  blood  by  stirring  it  with  a  bundle  of  snnill  twigK; 

even  ia  the  living  body  the  blood  will  coagulate  opoii  rough  bodies 
ectiiig  into  the  vessels. 
|.  Injur)/  to  the  waih  of  the  Idood-ve^aeU, 
h  The  addition  of  less  than  twice  the  bnlk  of  water. 
Hie  blood  last  drawn  is  said,  from  being  more  watery,  to  coagulate 

t  quickly  than  the  first, 
he  coagulation  of  the  blood  is  retarded,  suspended,  or  prevented 
be  following  means : — 

L  Cold  retards  coagulation  ;  and  bo  long  as  blood  ia  kept  at  a  tempera- 
iof  0^  C.  (32°  F.),  it  will  not  coagulate  at  all  Freeing  the  blood, 
Durse,  prevents  its  coagulation;  yet  it  will  coagulate,  though  not 
Ij,  if  thawed  after  being  frozen ;  and  it  will  do  so  even  after  it  has 
I  frozen  for  several  months.  A  hitjhrr  tempemturethan  49^  C.  (120^ 
It^tards  t!oagiilation  by  coagulating  the  albumen  of  tlie  serum,  and  a 
liigher  one  above  olp  C.  (133^  F/)  prevents  it  altogether. 
L  The  addition  of  water  in  t/reater proportions  than  twice  the  bulk  of 
lloody  also  the  addition  of  ^i/mpf  ffltjcerinc^  anil  other  viscid  suhstanves. 
\,  Contact  with  Hcintj  tissues^  and  especially  with  the  interior  of  a 
tg  blood-vessel.  Blood  may  be  kept  fluid  in  a  tortoise's  heart  after 
pralfrom  the  body  for  several  days,  and  if  the  jugular  vein  of  ahorse 
gatared  in  two  places  so  as  to  include  within  it  blootl,  and  then  be 
>fed  from  the  body  and  placed  in  a  cool  place,  the  contained  blood 
'remain  onclotted  for  hours  or  even  days. 

L  The  addition  of  neutral  salts  in  the  proportion  of  2  or  3  per  cent 
ftp  ward.  When  added  in  large  proportion  most  of  these  i>alinc  sub- 
Bea  prevent  coagulation  altogether.  Coagulation,  however,  ensues  on 
ion  with  water.  The  time  during  which  blood  can  be  thus  preserved 
liqaid  state  and  coagulated  by  the  addition  of  water,  is  quite  indeti- 

;  In   injiammatorif  states  of  the  si/stem  the  blood  coagulates  more 

f  although  more  tirmly. 

,  The  coagulation  of  the  blood  ia  prevented  altogether  %  (he  mlditwn 
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of  strong  acids  and  catistic  alkalies^  aiidalso  by  the  addition  of  a  0.1 
cent  solution  of  potasaium  oxalate^  which  precipitates  the  soluble 
salt  present  in  the  blood,  in  the  form  of  insoluble  calcium  oxalate, 
out  the  ]>resence  of  soluble  calcium  salt,  blood  does  not  coagulate. 

7.  The  hijf'rtlnn  of  commercial  peptone  containing  albumoses,  oro/i 
rinus  difjestire  ferments,  e,ff,,  trypsin  or  |)epsin,  into  the  vessels  gI 
animal  api>ears  to  ])ivvent  or  stay  coagulation  of  its  blood  if  it  be 
soon  after.  The  secretion  of  the  month  of  the  ieechy  Viiid  possibly  the  bk 
s<iueezed  out  of  its  l)ody  when  full,  also  {)re vents  the  clotting  if  added 
blood. 

It  is  stated  that  the  reason  why  Uoo<l  dots  not  coagulate  in  theliM 
vessels  is,  that  the  factors  which  are  necessary  for  the  formation  of  fib 
are  not  in  the  exact  staU'  re([uired  for  its  production,  and  that  at  anyi 
the  iibriu  ferment  is  not  formed  or  is  not  free  in  the  living  blood,  ■ 
that  it  is  jiroduced  (or  si't  free)  at  the  moment  of  coagulation  by  the  da 
integration  of   the  colorless  cori)Uscles.     This   supixosition  is  certuJ 
plausible,  and,  if  it  be  a  true  one,  it  must  l)e  assumed  either  that  the! 
ing  blood- vi'ssfls  exiMt  a  restraining  influence  u|>on  tlie  disintegratioai 
the  cor^msch's  in  sufllcient  numbers  to  form  a  clot,  or  that  they  rent 
inert  any  small  amount  of  tibrin  ferment  which  may  have  been  setfi 
by  the  disintej;ration  of  a  few  corpuscles;  as  it  is  certain,  firstly, d 
wliite  oorjniscU'smust  from  time  to  time  disintegrate  in  the  blood  wit 
causing  it  to  <*l<>t ;  and,  stM'oinlly,  that  shed  and  defibrinated  blood 
contains  blood  et)ri)uscli's,  brok^Mi  down  and  disintegrated,  will  not, 
injiM'ted  into  llu*  vt'ssfls  of  an  animal,  under  ordinary  conditions,  prodi 
clottinj;.     Th<Me  must  hr  a  distinct  difference,  therefore,  if  onl^'  iu  am< 
between  tlie  normal  disintegration  of  a  few  colorless  corpuscles  in  thel 
ing  uninjured  blood-vessels  and  the  abnormal  disintegration  of  a  lai 
number  which  occurs  whenever  the  blood  is  shed  without  suitable  pieci 
tion,  or  when  coagulation  is  unrestrained  by  the  neighborhood  of  thel 
ing  uninjured  blood-vessels. 

The  Blood  Corpuscles. 

There  are  two  princii>al  forms  of  corpuscles,  the  red  and  the  tchittt 
as  they  ai*e  now  fiiMiuently  named,  the  colored  and  the  colorless.  In  1 
moist  state,  the  red  corpuscles  form  about  45  j>er  cent  by  weight  of  t 
whole  mass  of  the  blood.  The  proportion  of  colorless  corpuscles  is  i 
as  1  to  500  or  GOO  of  the  colored. 

Red  or  Colored  Corpuscles. — Human  red  blood  corpuscles 
circular,  biconcave  discs  with  rounded  edges,  from  ^J^  to  ^^^  inck 
diameter  7  /t  to  8/x,  and  y^in-o  ^^^^^  ^^  about  2;i  in  thickness,  becoml 
flat  or  convex  on  addition  of  water.     "Wlien  viewed  singly  they  appeiil 
a  pale  yellowish  tinge ;  the  deep  red  color  which  they  give  to  the  U«f 
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Ltig  observable  in  them  only  when  they  ai-e  seen  e7t  masse.  They  are 
Uposed  of  a  colorless,  structureless,  and  trail spai-ent  tiUuy  framework  or 
DV9I41,  infiltrated  in  all  parts  by  a  red  coloring  matter  termed  kwmotjlo- 
The  stroma  is  tough  and  elastic,  bo  that,  as  the  corpuscles  circu- 
e,  they  admit  of  elongation  and  other  changes  of  form,  in  adaptation 
the  vessels,  yet  recover  their  natural  shape  as  soon  as  they  escape 
mi  eompi-ession*  The  term  cell,  in  the  sense  of  a  bag  or  sae,  although 
inntrmes  applied,  is  scarcely  applicable  to  the  red  blood  corpuscle ;  it 
lai  be  coD-sidered,  if  not  solid  throughout,  yet  as  having  no  such  marked 
ifitii^nce  of  cousistence  in  different  parts  as  to  justify  the  notion  of  its 
a  membranous  sac  with  fluid  contents.  The  stroma  exists  in  all 
of  its  substance,  and  the  coloring  matter  uniformly  j^^ervades  this; 
t  the  same  time  it  is  probable  that  tlie  consistence  of  the  peripheral 
the  protoplasm  is  more  solid  than  that  of  the  more  central  mass. 
adult  red  corpuscles  have  no  nuclei,  although,  in  their  usual  state, 
^mieqiial  refraction  of  transmitted  light  gives  the  appearance  of  acen- 
spot,  brighter  or  darker  than  the  border,  according  as  it  is  viewed 
ir  out  of  focus.  Their  specific  gi-avity  is  about  1,088. 
The  corpuscles  of  all  mammals  with  the  exception  of  the  camelidse  are 
and  biconcave.  In  the  camelidEe  they  are  oval  and  biconvex. 
mammals  the  corpuscles  are  non -nucleated,  and  in  all  other  verte- 
(birds,  reptiles,  amphibia,  and  fish)  the  corpuscles  are  oval  bicon- 
and  nucleated  (hg*  121). 

'^uffilfcrM, — The  normal  numter  of  red  blood  cells  in  a  cubic  millimetre 

an  blood  was  estimated  by  Welcker,  in  18o4,  to  be  5,000,000  in 

and   4,500,000   in   women.     Recent    observations,    however,    have 

that  these  estimates  are  a  little  low,  eajFecialiy  in  men,  and  tlie 

iiuml>er  has  been  placed  by  different  authorities  at  various  points 

een  i5,000,000  and  5,500,000,  or  even  0,000,000.     Still  the  original 

ibers  as  given  by  Welcker  are  accepted  at  the  present  day  as  being 

iciently  accurate  for  ordinary  purposes.     It  has  also  been  shown  tliat 

are  many  distinct  physiological  variations  in  the  innnber,  depending 

e  tijne  of  day,  digestion,  sex,  and  pregnancy.     The  number  of  red 

usually  diminishes  in  the  course  of  each  day,  w^hile  the  leucocytes 

in  number.     It  has  1>een  suggested  that  this  is  due  to  the  influ- 

of  digestion  and  exercise* 

t  has  generally  been  found  that  withiii  half  an  hour  or  an  hour  after 
1!  meal  the  nunilier  of  red  cells  begnisto  tUminislu  ami  that  this  keeps 
br  front  two  to  four  homs,  when  it  is  followed  hy  a  gradual  rise  to 
normal.  The  usual  fall  is  250,000  to  750,000  per  cubic  milUtnetre, 
results  ai*e  most  marked  after  a  largely  fluid  meal,  and  are  jirob- 
to  dilution  of  the  blood  as  a  result  of  tlie  absorption  of  fluids. 
imals  the  number  of  red  cells  is  increased  by  fasting,  but  in  man  the 
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results  ar6  Tariable,  acme  authorities  claimiiig  an  increase  and 
decrease      In  chiltlljoo<l  there  is  no  difference  l»et ween  the  sexei 

number  of  red  celU  per  cubic  milUmetre,  but  after  menstruation  is 
lished,  a  relative  antenna  develops  in  women       Welcker's  unpual 
mate  placed  the  difference  at  500,000  per  cubic  milliiuetre,  and 
figures  have  been  genemlly  accepted,  though  one  observer  (Leichtei 
asserted  that  the  difference  was  1,000,000.     Recent  investigatious,) 
ever,  seem  to  show*  that  Welcker's  estimate  is  a  little  too  gr^t. 

Menstruation  in  healthy  subjects  has  practically  no  effectjasooti 
than  100- 1*00  cubic  centimetres  are  lost  normally  in  the  course  of  «e 
days  Under  such  circumstances  tlie  normal  diminution  of  redcellil 
cubic  miUinietre  is  probabl}*  less  thau  150,000,  though  one  observer  (S 
meni)  has  placed  the  loss  at  about  225^000.  Some  observers,  on 
other  hand,  claim  an  increase.  The  leucocytes  are  slightly  incpwi 
during  menstruation.  It  is  now  the  genei-al  opinion  that  pregnancj! 
little  or  no  effect  on  t!ie  number  of  red  cells,  and  that  any  ani 
be  due  to  abnormal  conditions.  Post-partum  ansemia  should 
longer  tlian  two  weeks. 

VarirtuH. — The  red  corpuscles  are  not  all  alike      In  almost  e^ 
specimen  of  blood  a  certain  number  of  corpuscles  smaller  than  the  i 
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Tig,  119. 


Fla.  1 18,-"n<»<l  rf>rpijw'le»  iQ  TOtife«ux .    The  rounfl^l  c^rrHWclPi  tre  wltlle  or  un<t>kif^<L 
other  *:orpuftLi«»  nw  twu  vurlt^ili^  at  the  c<ilorli*Hii  fnriiK 

may  be  observed.     They  are  termed  micro€i/teSt  or  h^tfuatoblastSf  and| 
probably  immature  corpuscles, 

A  peculiar  proi>erty  of  the  red  corpuscles,  which  is  exaggerateC 
iufiauimatory  blood,  may  be  here  again  noticed,  *.«'.,  their  great  tendl 
to  adhere  together  in  rolls  or  columns  (rouleaux),  like  piles  of  oc 
These  rolls  quickly  fasten  together  by  their  ends,  anil  cluster;  so  t 
when  the  blood  is  spread  oufc  thinly  on  a  glass,  tliey  fonu  a  kind  of  im 
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letwork,  with  crowds  of  rorpiistlesat  the  several  points  corresponding 
I  the  knots  of  the  net  (tig  118),  Hence  the  clot  formed  in  siicli  a 
layer  of  blood  looks  mottled  with  blotches  of  pink  upon  a  white 
fid,  and  in  a  larger  quantity  of  blood  such  masses  help,  b^^  the  con- 
ent  rapid  subsidence  of  the  corpuscles,  in  the  formation  of  the  buffy 
abreadj  referred  to. 

Ictiofl  of  Reagents,— Considerable  light  has  been  thrown  on  the  physical  and 
IcalconstituiiuLiof  re<l  blood-celk  by  studying  tlip  effects  prrxluced  by  mecbiiQi- 
eajisand  hy  various  reagents;  ibe  foUuwiDg  is  a  brief  summary  of  tbese  reac- 


Pressure. — If  the  red  blood -cells  of  a  frog- or  man  are  gently  squeezed »  tbcy 

It  a  wriakliug  of  tbu  surfare,  v^bich  clearly  indicates  lliat  Ibere  is  a  superticial 

b  partly  dlHereuliated  from  the  softer  mass  witbin :  again,  if  a  needle  be  rapid- 

ywn  across  a  drop  of  blood,  a4?veral  corpii$icles  will  be  found  cut  ia  two,  but 

Mdt  accompuDied  by  any  eseupe  of  cell  contents;  tbe  two  balves,  on  tbe  con- 

Hpume  a  rouudud  fonii,  proving  clearly  that  the  corpuscles  are  not  more 

^mnous  i»tiC9  wiib  tluid  contents  like  fat  cells. 

*kiids.     i.   Wtiter. — When  water  is  added  gradually  to  frog*s  blood,  tbe  oval 

liaped  corpuscles  become  sphericahand  gradually  discharge  tbeir  ba^moglobin. 

I.  transparent  stroma  being  left  bebiud,  bmiian  red  bbxxl  cells  cbimge  from  a 

idol  to  a  spheroidal  form,  and  discharge  their  cell  contents,  becojning  quite 

pamjDt  and  all  but  invigibJtt  (ghost  corpuscles). 

L  SirQUff  Mlint  soUttiojt  produces  no  appreciable  e^ect  oa  the  red  blocxi  cells  of 

t>g.     In  tbe  red  bltK)d-eeJls  of  man  tbe  tliscoid  shape  is  exchanged  for  a  spberi- 

Iff,  with  spinous  projections,  like  a  borae  chcjitnut  (crenation) 

lac)).     Their  original  forms  can  be  at  once  restored  by  the  tise 

^Ijooic  acid. 

1  Ae^ti^  aeid  (dilute)  causes  the  nucleus  of  the  red  blood-cells 

p  frog  to  liecome  more  clearly  detined ;  if  tbe  action  is  pro- 

d.  Uie  nucleus  becomes  strongly  granulated,  anil  all  tbe  colnr- 

imtter  s<^iiia   to  be  conceatrated    in    it,  the   surrounding  cell-substance    and 

le  of  the  cell  becoming  almost  invisible;  after  a  time  the  cells  lose  their  color 

ether.     The  cells  in  tbe  figure  (tig.  122)  represent  tbe  successive  stages  of  the 

{t\     A  similar  loss  of  color  occurs  in  tbe  red  cells  of  liuman  blood,  which,  bow- 

fjxytn  the  absence  of  nuclei,  sieeni  to  disappear  entirely. 

r.  AikftlitM  cause  tbe  reil  bhHKl-cells  to  swell  und  tinally  to  dit?appear. 

.  Chlm>yform  added  to  tbe  leil  bltwd-eells  of  tbe  frt>g  causes  them  to  part  with 

hipmoglobin  ;  the  stroma  «rf  tjje  cells  becomes  grtidually  broken  up.     A  similar 

is  produced  on  tbe  human  refl  Ijloud  cell. 

j.   J^jnwtfi.-'When  a  2- per -cent  frcsb  solution  of  tannic  acid  is  applied  to  frog's 

it  causes  the  appearance  of  a  aharpl)'  defined  little  knob,  projecting  from  tbe 
lirface  (lioUrta*  ntficttht):  the  coloring  matter  becomes  at  the  same  time  cimecn- 
I  in  Ibe  Ducleus,  which  grows  more  clistinet  (tig,  128),  A  somewbat  similar 
Mbroduced  im  the  human  red  blood  rornuscle. 

^pf*i(ienfa,  when  appliwl  to  the  red  blooil-ceils  of  the  frog»  produces  a  similar 
E^b  or  knobs,  at  the  ntknie  lime  siniuing  the  nnclens  and  causing  tlje  discharge 

tucmuglobin.     The  first  elTect  of  tbe  mapenta  is  to  cause  the  disc-barge  of  the 
|;1ob!n<  then  tlie  nneleus  becomes  suddenly  stained,  and  lastly  a  tinely  granu- 
'  issues  tlirough  the  wall  of  the  corpuscle,  becoming  stained  by  the  magen- 
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Hr.  121.— The  »l&ov»>  lUiistmUtiti  la  9*>njt'wh«t  j4lt*Twl  frrun  n  dmnfnR  fey  Tt ulUvi*r»  In  tt» 
SooL  SoeletT.  ftii^l  ('Xh1ht(,a  thi*  tjptcul  (-hmni4L-t<*n<  of  tlie  n^l  hliNHlHiclb  tti  the  matii  dlfWuol 
Vevtebnta.  Tlii^  fraiMomn  ure  tiuiw^  ««f  Hti  Jwli.  and  npprfsfrii  Lhi*  avemfl:!?  dlameler.  Iti  tbf 
tbe  oval  wll*,  *>nly  tbi*  ["mir  ill«nn^t**r  <«  h*'p*  vi\**n.  U  in  rtMniirkHl>i(\  thiit  altJinu^  the dJ9Qf 
hlrxMl-f^iM^  vnrii^  >ti  Hiijrh  in  the  cDlTert'iit  rltis«f'>«k  nf  thi*  vertf^inite  l;1lnjr(lotu«  Hint  of  tin  III 
piut  1*^  ri'mnlnH  tMtmr>aniilvt'ty  uidfonnt  nrul  ttiiiN  they  urn.  In  ^ume  aalomlft*  mucli  grttlac,  Ifti 
mueb  lt^<f  thau  the  rv<I  Lx>rLmsti«  exlslluj;  side  by  side  with  llieDi. 

rcsuh  of  tbifl  experimeDt  led  BrUcke  to  tlistingiiiBh  the  colored  contents  of  the 
(tooii!)  from  its  colorlesa  Btronia  (ircmd).  Whvu  applieil  to  the  non  nucleated  m 
malian  coipoacle  \ts  eflfect  nieRly  rc^scmbles  tlmi  of  other  dilute  acids, 

ix.  ^mvw/im.-*Its  effects  seem  to  vary  according  to  the  degree  of  concentniti 
Sometimes  the  outline  of  the  corpuscles  becomes  distinctly  crennted;  at  other  til 
theeHect  resembles  thHt  of  banc  acid,  while  Id  other  cases  tlie  edges  of  the  I 
puscles  begin  to  brefik  np. 

Gases.     Cntfffnic  */Wr/.— If  the  reil  blood  cells  of  a  frog  be  first  exposed 
action  of  water- va|)<»r  (which  lenders  their  outer  pellicle  more  readily  permcabi 
gases),  and  then  acted  on  by  cartK>nic  acid,  the  nuclei  immediately  tieoome  dd 
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iaed  and  strongly  granukted ;  when  air  or  oaygen  is  admitted  the  original  .ip- 

Dce  is  at  oace  ix^stored.     The  upper  and  lower  eell  in  fig,  125  show  the  effect  of 

onic  acid ;  the  middle  one  the  effect  <»f  the  re-admission  of  air,     Tliese  elTects  can 

iBpioduced  five  or  six  times  m  succession.     If.  however,  the  action  of  the  car- 
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Fig-  123. 
ESeci  (It  tMxnin* 


FUf.  Iii4. 
Effect  <^f  bojlc  oeM. 


Fig.  VM. 
Effect  of  hent. 


!  acM  be  much  prnlongeil,  the  granulation  of  the  nucleus  becomes  permanent; 
^i|vp€«ri  to  depend  on  a  coagulation  i»f  the  paraglohulin. 

Htat,— The  effect  of  heat  up  to  50* —60   C.  (120—140"  F.)  is  to  cause  the  fonna- 
jof  a  miraher  of  hud -like  processes  (fig,  126). 

Electricity  ca\ises  the  red  blood  corpuscles  to  hecome  crcnated,  and  at  length 
ilherrylike.     Finally  they  recover  their  round  form  and  become  quite  pale. 

The  Colorless  Corpuscles, — In  human  blood  the  white  or  tsolor- 
i  corpuscles  or  leucocytes  are  nearly  spherical  masses  of  granular  pro- 
plasm  without  cell  wall.     lu  all  cases  one  or  more  nuclei  exist  in  each 
^r^mscle.     The  corpuscles  vary  considerably  in  size,  but  average  ^\,^  of 
I  inch  ( 10  /i)  in  diameter. 

There  was  for  some  time  a  general  acceptance  of  the  original  estimate 
:  Welcker  that  there  were  about  13,500  leucocytes  in  each  cubic  milli- 
[  of  normal  human  blood.  But  improved  methods  and  appliances, 
Jy  the  iutroduction  of  the  Thoma  ha^imatocytometer,  soon  jiruved 
at  these  figures  were  too  high,  and  that  the  number  was  about  7,500- 
bitter  estimate  is  upheld  by  the  results  of  the  most  recent  investiga- 
Di-^,  Uieder  jdacing  the  immber  in  adults  at  7,(i80,  Limbeck  at  8,000  to 
0>,  •nd  Reinert  at  5,125  at  6  a.m  and  8,2(J2  at  4  p.m.  Therefoi-e  the 
t>portioii  of  white  to  red  cells  (counting  5,000,000  of  the  latter  to  each 
«!♦•  millimetre)  is  about  1  to  i\iM\.  This  proportion  is  in  no  way  to  l>e 
ed  as  a  constant  one  in  health,  as  considerable  variations  occur  fi^- 
atly,  even  in  the  course  of  the  same  day.  The  chief  f>hysiological 
riations  are  those  due  to  the  iiiflueuce  of  digestion,  of  pregnancy,  and  of 


After  a  full  meal  the  white  cells  in  a  healthy  adult  are  increased  in 
ulier  al>out  oue-third  (Rieder),  the  increase  l>eginning  within  an  hour, 

ing  a  maximum  in  three  or  four  hours,  and  then  gradually  falling 
aormal.  This  process  is  frequently  modified  by  the  character  of  the 
1,  the  greatest  increase  occornng  with  an  exclusively  meat  diet,  while 

&ly  vege-tarian  diet  has  usimlly  no  effect.  The  iticrease  is  also  more 
rked  in  children,  and  especially  in  infants.  The  essential  factor  is 
pbablj  the  absorption  of  albuminous  matter  in  considerable  quantities; 
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this  causes  proliferation  of  leucocytes  in  the  adenoid  tissue  of  the  ga^^ 
intestinal  tract.     In  pregnancy  there  is  often  a  moderate  increase  in  tk^ 
number  of  white  cells  during  the  latter  months.     This  does  uot  b^ 
until  after  tlie  tliird  month,  and  is  most  marked  and  constant  inpriir 
iparae.     After  parturition  the  leucocytes  gradually  diminish  under nomd 
conditions,  and  usually  reach  the  normal  within  a  fortnight.     The  esser 
tial  factor  is  probably  tlie  genei-al  stimulation  in  the  maternal  oiganiBL 
It  is  well  established  that  the  white  cells  are  very  numerous  in  the  ncr 
born,  though  different  observers  have  made  very  conflicting  estimate! 
Still  all  agree  that  thei^  is  a  very  rapid  decrease  in  their  numbers  during 
the  first  few  days,  and  that  this  is  followed  by  a  less  marked  increuct 
which  continues  for  many  months.     According  to  Rieder,  who  is  perhijl 
the  most  reliable,  there  are  at  birth  from  14,200  to  27,400  per  cubic  milli- 
metre, on  the  second  to  fourth  day  from  8,700  to  12,400,  and  after  thi 
fourth  day  from  12,400  to  14,800. 

Varieties, — The  colorless  corpuscles  present  greater  diversities  of  foim 
than  the  red  ones.  They  are  usually  classified  according  to  their  ir 
action  to  staining  agents,  or  to  the  presence  or  absence  of  granules  'vl, 
their  cytoplasm.  Kanthack  and  Hardy  offer  the  following  classificatioB, 
based  upon  both  phenomena : 

A.  OxyphiKstaining  with  acid  dyes).  ||:  Slf^^n'Sur. 
D.  Basophil  (staining  with basicdyes).—!.  Finely  granular. 
/f    rr„«u««  S  1-  Small. 

^-  "y^^^°« ]2.  Large. 

The  finely  fjruiudar  oxyphil  constitutes  75  per  cent  of  all  leuoocytet 
It  has  an  average  diameter  of  10/^,  and  possesses />/*a<7ocy/ic  action  to  I 
marked  degree — that  is,  it  possesses  the  power  of  ingesting  foreign  pw 
tides.  Its  nucleus  consists  of  several  lol)es  united  by  threads  of  chromi 
tin.  Tliis  cell  was  formerly  known  under  the  term  neutrophil^  becani 
of  its  supposed  reaction  to  neutral  dyes. 

The  coarsely  fjnnndar  form  or  eosinophil  constitutes  only  2  per  cento 
the  leucocytes.     It  lias  a  diameter  of  12  .a  and  a  reniform  nucleus. 

The  basophil  cell  is  rarely  found  in  normal  blood.  It  may  occur  oed 
sionally  during  i)eri()(ls  of  digestion.  It  is  a  small,  spherical  cell,  witi 
an  irregular  nucUnis  and  a  diameter  of  7//. 

Tlie  small  hyaline  leucocyte  is  also  called  a  lym2)hocyteyhec2L\i3e  of  th 
large  numbers  found  in  adenoid  tissue,  and  is  supposed  to  be  an  imms 
tu re  form.  The  nucleus  is  proportionately  large,  and  is  surrounded  fa; 
but  little  protoplasm  in  which  no  granules  can  be  detected.  The  cell  i 
about  the  size  of  ii  red  blood-cell,  and  constitutes  from  10  to  20  per  oei 
of  all  leucocytes. 

The  larye  hyaline  or  wyclocyte  varies  in  diameter  from  8.5  to  10  |i 
Its  nucleus  is  spherical  or  reniform,  and  is  surrounded  by  more  prota 
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BBun  the  case  of  the  lymphoeyte.     It  forms  about  10  per  cpnt  of 
ieticoc  vtt*s. 

^mceboid  Movement*— The  remarkable  property  of  the  colorless 
iiseJes  of  spontaneously  changing  their  shajK*  was  tirj^t  tlemonstrated 
Tuirton  Jones  in  the  blood  of  the  skate.     If  a  drop  of  blood  be  ex* 


e' 


tSt.—(a)  Red  bJood-corpiwcle  for  <!ompad*iii ;  ih)  »miiU  hyalJnt?  rvW  or  Eymph.w'yU?;  (r)  tftnrd 
csell  or  mytalonyte ;  (J)  Due  gruDUkr  oxvptill;  ie)  i^miw*  graDular  uxypbU  or  eosinopbil; 
pglith    if.  C.  Buflcn.) 

d  with  a  high  power  of  the  microscope,  under  conditions  by  which 
f  moisture  is  preventeil,  and  at  the  same  tiijie  Uie  temperature  is 
lined  at  about  timt  of  the  body,  37°  C.  (98.5^  F/),  the  colorless 
icles  will  be  observed  slowly  to  alter  their  shapes,  and  to  send  out 
ses  at  various  parts  of  their  civeunifeienct^.  The  amoeboid  niove- 
liich  can  be  denionatrated  in  human  colorless  blood  corpuscles, 
aost  conveniently  studied  in  the  newt's  blood.  The  processes 
}  sent  out  from  the  corpuscle  are  either  lengthened  or  withdrawn* 

-UnmtLii  colorless  b1tiod<OTiKiacJ4\  ebo«rlQfr  Its  sucsceslve  cliaiurea  of  outline  withlu  tea 
iaiuut«A  wUeu  kept  moist  oo  a  wann  sUMre.    iSoholleld.t 

fttiened,  the  protoplasm  of  the  whole  corpuscle  flows  as  it  were  into 

•eess,  and  the  corpuscle  changes  its  position  j  if  withdrawn,  protru- 

another  process  at  a  different  point  of  the  circnmference  speedily 

Tiie  change  of  jiosition  of  the  corpnsele  can  also  take  fdare  by 

[  movement  of  the  whole  mass,  and  in  this  case  the  locomotion  is 

jvely  rapifl.     The  activity  both  in  the  processes  of  change  of 

also  of  change  in  position  in  intich  more  marked  in  some  cor- 
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puscks  than  in  others.     Klein  states  that  in  the  newt^s  blood  the  changes  < 
are  especially  noticeable  in  a  %"ariety  of  the  colorless  corpuscle,  whiA  J 
consists  of  a  mass  of  finely  granular  protoplasm  with  jagged  Oiitlinef  \ 
oontaius  three  or  four  nuclei^  or  in  large  irregular  masses  of  protopllMt^ 
containing  from  five  to  twenty  nuclei. 

Actioa  oi  reagents  upon  the  colorless  corpuscles. — Feeing  tkg  eorpiiKiA'^\ 

If  some  fiue  pigment  gmaules,  e.g.,  powdered  venniMon,  be  added  to  a  fluid  cnctiii- 
ing  colorless  blood  corpuscles,  on  a  glass  slide,  these  will  be  obserTed,  under  tbr  I 
microscope,  to  Uike  up  the  pigment.  In  some  cases  colorless  corpuscles  hs^e  bea 
seeo  with  frugmeiits  of  colort*d  cues  thus  embedded  in  their  substance.  They  hi^e 
also  been  seen,  in  diseased  states,  to  contnin  micro-orgnnisms,  e,g.,  bacilli,  and  iCr 
cording  to  some  pathologlsU  are  capable  of  destroying  them  (phagocytosiB)  Tbef 
may  too  take  up  other  foreign  matter  or  even  other  colorless  corpuscles,  Tliis  pn<^  I 
erty  of  the  coiork'tss  corpuscles  is  especially  interesting  as  helping  still  furUier  IftJ 
connect  them  with  the  lowest  fonns  of  animal  life,  and  to  connect  both  with  1 
orgauized  cells  of  which  the  higher  imimals  arc  composed. 

The  pro]]»erty  which  the  colorless  corpuscles  possess  of  passing  thr 
the  walls  of  the  blood-vessels  will  be  described  later  on. 

The  Blood-Plates»™A  third  variety  of  corpuscle  is  found  in  tl»  j 
blood,  and  is  kno^vn  as  the  hlood-plnte.     It  is  circular  or  ellipticftl  ' 
shape,  of  nearly  homogeneous  structure,  and  varies  in  size  from  .5-5.5# 
Hence  it  is  smaller  than  the  red  cell.     It  is  altogether  probable  thai  I 
are  derived  chiefly  from  the  red  cells,  being  extruded  therefrom  ial 
form  of  masses  or  chains  of  globular  material.     Chemically  they  conh 
a  nucleo-probeid,  and  it  is  supposed  that  tliey  take  part  in  the  phenomeno 
of  coagulatioti.     According  to  Deetjeu  and  others,  amoeboid  moveuii 
has  been  demonstrated  iit  tlit^se  bodies. 

Enumeration  of  the   blood  corpuscles.— Severn]  methods  are  employed 
counting  the  blood  corpuscles,  most  of  them  depending  upon  the  same  prindp 
i.e.,  the  dilution  of  a  minute  volume  of  bltxxl  with  a  given  volume  of  a  colorless  soltl 
tion  similar  in  specitlo  gruvjty  lo  bliNxl  plasma,  so  that  the  size  and  shape  of  the  < 
puacles  are  altered  as  little  as  possible.     A  minute  quantity  of  the  well-mixed  ! 
tioD  is  tlien  taken,  examiut'd  under  tiie  microscope,  either  in  a  flattened  capiriaryt 
(Mahissex)  or  in  a  cell  (ilaycm  &  Naclirt.  Gowers)  of  known  capacity,  and  the  nan 
ber  of  corpuscles  In  a  measured  length  of  ihe  IuIm',  or  in  a  given  area  of  theccUl 
counted.     The  length  at  the  tulx^  ami  the  area  of  ihe  cell  are  ascertained  by  me 
of  a  micrometer  scale  in  the  microscope  ocular;  or  in  the  case  of  Gowers'  mo 
tion,  by  the  division  of  the  cell  area  into  Hi|uarcsof  known  size.     Having  ascer 
the  number  of  corpuscles  in  the  diluted  blood,  it  is  easy  to  tind  out  the  number  izi^ 
given  volume  of  normal  blood. 

The  hrcmacytomcter,  which  is  moat  used  at  the  present  time,  is  known  sst 
Thoma-Zeiss  hfemacytometer.     It  consisrs  of  a  carefully  graduated  pipette,  in  i 
the  dilution  of  the  hlnod  is  done;  thiK  is  so  formed  that  the  capillary  stem 
capaoity  equalling  one-huniiredth  of  the  ball  above  it.     If  the  blood  is  drawn  upl 
the  aipillary  lube  to  the  line  marked  1  (ilg,  180)  the  sfvllne  solution  may  after 
be  drawn  up  the  stem  to  the  line  101 ;  lu  this  way  we  havu  101  parts  of  which  t 
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1.  As  the  COD  tents  of  the  stem  can  be  dispkced  unmixed  we  shall  ha  ire 
Ixlure  thf  propcT  dilution.  Tht;  bltx>d  iintl  the  saline  sohilion  me  well  mixed 
Dg  the  pipeite,  in  the  ball  <►!  wliirk  is  contained  a  small  glass  bead  for  the 
of  aiding  th<»  mixing.  The  other  pari  of  ilie  instrument  consists  of  a  glass 
.  129)  upon  which  is  mounted  a  covered  disc,  m,  accurately  rnled  so  its  to 
me  square  millimetre  diiidvd  into  4(X)  squares  of  one  twentieth  of  a  milli- 
,ch.     The  micrometer  thus  made  is  surrounded  by  another  annular  celli  c* 
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such  a  lieight  as  to  make  the  cell  (jroject  exactly  one- tenth  ifllttiinctre 
If  a  drop  of  tbe  diluted  blood  be  placL-d  upon  ut,  and  ^  he  COTeted  with 
ilyflat  eover-glass,  tbe  volume  oJ  t!iedil\Uc  d  blo<»d  above  each  of  the  squares 
(crometer.  rr..  above  each  jlj^,  will  be  jj^\^  of  a  cubic  niiUimetre.  An  aver- 
•n  or  more  SL|Uares  are  then  taken,  and  ibis  number  nmltiplied  by  4000  X  100 
»  number  of  corpuscles  in  acuhic  millimetre  of  imdiluled 
A  separate  pipette  is  also  used  for  making  dilutions  fur 
f  leucocytes.  In  tbis.  the  dilution  is  made  of  one  part 
uutl  ten  parts  of  diluthig  lluid.  Acetic  acid,  0/2  of  one 
■i  usually  employed  for  tliLs  purpose 

Chemical  Comfositiox  of  the  15lqod. 

3re  conaideidng  the  cliemkal  comix>sition  of  the 
3  a  whole,  it  will  be  convenient  to  take  in  order 
ij_iositiou  of  the  various  chief  factors  which  have 
t  out  in  the  table  on  p.  143,  into  which  the  blood 
•  separated,  viz.  :^(1.)  The  Phtsmfi  ;  (2,)  The 
'  (3.)  The  Corptisdf's  ;  (4.)   Thfi  Flhriu. 

The  Plasma,— The  FJiisrna,  or  liquid  part  uf 
otl,  in  which  the  corpuscles  doat,  may  be  ob* 
free  from  colored  corpuscles  in  either  of  the  ways 
fcd  below. 

re  are  the  fibrin  factors,  inasiuuch  as  when  ex- 
bo  the  ordinary  temperatme  of  the  air  it  under* 
»tagulation  and  splits  up  into  fibrin  and  serum. 
ri*s  from  the  senun  in  cuutaioing  fibrinogen,  but 
aranee  and  iti  reaction  it  elosely  resembles  that 
m  alkalinity,  however,  is  greater  than  tliat  of 
Em  obtained  from  it.  It  may  be  freed  froiu  white  corpuscles  by 
Wi  at  a  temperature  below  5^  C.   (41"^  F.)  or  by  tlie  centrifugal 


lilef  methods  of  obtjxining  plasma  free  frtjin  corpuscles  may  be  here  epit- 
I)  by  cold;  the  lemperature  should  be  about  0'  C.  and  may  be  two  or 
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thrive  dcgrrees  higher,  but  not  lower.  (3)  The  addliioD  of  neuti&l  aaltx,  ia  ccrciin 
prot>ortioDfi.  either  m\td  or  in  solutioQ,  eg.,  of  ifOdium  sulphate,  if  solid  I  pirtu>ti 
imrts  of  hl(X)d;  if  a  aaturated  solution  1  port  to  t  parts  of  blood;  of  mogneaittiD sat- 
pbiite,  of  a  29^,  or  if  Baluraled  solution  1  part  to  4  of  blood.  (S)  A.  third  waj  hr»  I 
mix  frojf  *8  blood  with  an  efjual  part  of  a  5^  solution  of  cane  sugar,  and  to  get  nd  - 
llie  corpuscles  by  flltratiim;  or  ii)  by  the  injection  of  commercial  |>epioa>e  into  •: 
veins  of  certain  mammals,  previous  to  bleerling  them  to  death,  allowing  tiie  oi 
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Tig.  l^Tl.— Pliin  aiKl  «*Nrti<in  of  rentrlfujaral  mnrhtim.    a,  An.  Iran  tocket  wpured  lo  tf>p  of  1 
cx.sxit'^^l  iipln^tU' iiitrylfiif  tt>e  lurntuNtt  n,  iiod  runilti^  tn*vly  l»  a  ;  K;«  a  Riuige,  riLiiiiid  tumijibi|0 1 
W  f,  mIimMuw  tfitKiveson.  tnu'v.  t*f  li.  In  whlrb  Uie  U«iLUil>eii  Mini  Qxetl  hy  rlAinin  ca  g;  H**  puUvf  f 
U>  itf)d  or  Hplndle  c,  und  turi}«Hl  by  m*^  wni  m  i  itm  lwn-tnil«l<^  (lulkys  for  cord  x.    caamgwi) 

pum  les  to  subside,  and  nftcrwurd  subjecting  the  supernatant  plasma  to  the  acfiOK^ 
a  eentrifuirul  rurtehine;  hy  the  rapid  rotation  of  which  (fig.   131)  the  vi- hole  of  1 
renutiain^  Holiil  rmitirJes,  If  any,  is  driven  to  the  outer  end  of  the  test-tubes  in  wh 
the  plasma  i.'^  phiced. 

Composition  of  Plasma. 

Water 9a2.1> 

Bolids— 

1.  Fmteids— 

KihHiio^'tn  ) 

Pamglolmlin      I 83.80 

Serum  nihumin  } 

2,  Extmctlves 5.06 

8.  Inorganic  salts  8.50 

S>7  1 

lOiK) 
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a.    Water* — The  water  of  the  plasma  vaiies  Id  aniotint  according  to 
amount  of  food,  drink,  and  exercise,  and  with  many  other  circum- 

Proteid^. — a.  Fibrinogen,  the  substance  to  which  plasma  owes  its 
erty  of  spontaneous  coagulability.  It  belongs  to  the  class  of  proteids 
lied  globulins.  It  is  precipitated  from  plasma  with  serum-globulin  by 
liiration  with  MgSO^  and  XaCl>  bvtfc  is  not  soluble  in  water.  It  ean  be 
liuguisjied  from  serum^glubulin  by  a  number  of  special  reactions;  (1) 
[coagtilatiou  temperature  is  lower^  52^  tu  55*^  C.  (2)  It  is  completely 
ipitated  by  saturation  with  NaCl  as  well  as  with  MgSO^.  (3)  It 
rise  to  an  insolable  proteid,  fibrin.  It  is,  however,  probable  that 
substance  fouml  in  plasma  and  called  fibrinogen  is  not  a  simple  pro- 
but  a  mixture  or  loose  chemical  combination  of  two  or  more  pro- 
ds. 

^.  Seruui  globulin  or  paraglobuliu  closely  resembles  fibrinogen  in  its 
ions  and  is  regarded  by  many  authorities  as  the  mother  subi^tance  of 
aogen.  It  is  completely  precipitated  by  MgSO^j  incompletely,  by 
Z\  and  coagulates  at  a  temperature  of  75*^  C.  It  is  likewise  insolnbl© 
fwater. 

Serum  albumin.  This  is  the  proteid  which  predominates  in  plas- 
It  has  been  shown  by  Halliburton  to  be  a  compound  body  to  which 
[has  given  the  name  of  serine^  being  made  up  of  three  proteids  having 
erent  coagulating  temperatures,  «,  at  73*^  C,  ^5,  at  77°  C,  and  /,  at 
C.  It  may  be  considered  as  the  chief  source  of  proteid  nourishment 
be  tissues  and  originates  from  the  iligested  proteids  of  foods;  but  as 
(known  that  the  final  product  of 'digestion  is  a  group  of  different  pro- 
1  namely,  peptones  and  proteoses,  it  is  probable  that  during  the  act 
srption  into  the  blood  these  undergo  a  further  change  into  Bcriiie. 
;  readily  obtained  in  crystalline  form;  is  insoluble  in  MgSO^  and  NaCl 
lotions,  and  coagulates  in  neutral  or  acid  solutions  at  70^  to  75'^  C. 
(c)  Ejrfractit*es.—*j.  N  on -nitrogenous  organic  substances. 
Glycogen.  Traces  in  fresh  blood.  May  lie  derived  from  the  disin- 
tlon  of  the  white  blood  corpuscles. 

limal  gum,  (C^H^^OJ,.     Converted  by  boiling  with  dilute  mineral 
JA  into  a  substance  I'esembling  sugar,  which  reduces  FehUng^s  solution, 
which  is  not  fermentable  or  rotatory  to  polarized  iiglit. 
I>extrose-     Constant  even  in  starving  animals. 
Fata  (palmatiu,  stearin,  olein,  etc.)  present  in  small,  variable  quau* 

increased  after  meals. 
Cholesterin,  combined  with  fatty  acids. 

Lipochrome,  a  yellow  pigment  of*this  group  for  which  the  name  serum 
pin  has  been  suggested,  and  to  which  phisma  owes  its  yellow  tint. 
Lactic  acid,  also  found,  but  its  presence  duiing  life  is  not  certain. 
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p.  Non-proteid  nitrogenous  substances.  Of  these  the  most  in| 
tant  ai*e,  iii-ea,  creatin,  creatinin,  and  uric  acid. 

Four  ferments  are  also  found  in  blood;  iirst  a  diastatic  ferment e 
verting  amyloids  into  sugars;  second,  a  glycolytic  ferment  causing  a 
appearance  of  sugar;  third,  a  fat-splitting  ferment  (lipase)  and,  foa 
librin  ferment,  thrombin,  or  its  precursor,  prothrombin. 

(d)  Inorganic  Substances.— In  1,000  paru  of  plasma  there  are: — 

Chlorine 8.586 

Sulphuric  Acid .129 

Phosphoric  uciil 146 

Potassium 814 

8o<lium    .  8.410 

Phosphate  of  lime .298 

Phosphate  of  magnesia 218 

Oxygen  .455 

8.505 

It  is  to  be  noted  that  tlie  sodium  salts  predominate. 

(2.)  The  Serum. — The  serum  is  the  liquid  part  of  the  bloM 
the  plasma  which  remains  after  the  separation  of  the  clot.  It  is  a  t 
parent,  yellowish,  alkaline  fluid,  with  a  specific  gravity  of  from  10: 
IO'A'2  In  the  usual  mode  of  coagulation,  part  of  the  serum  remai 
the  dot,  and  the  rest,  squeezed  from  the  clot  by  its  contraction 
around  it  Since  the  cDntraction  of  the  clot  may  continue  for  thirt 
ov  more  hours,  the  quantity  of  serum  in  the  blood  cannot  be  even  rou 
estimated  till  this  period  has  ela[>sed.  There  is  nearly  as  muci 
weight,  of  serum  as  tlitMv  is  clot  in  coagulated  blood 

Serum  may  be  obtained  from  blood  corpuscles  by  allowing  bloc 
clot  in  large  test-tubes,  and  subjecting  the  test-tubes  to  the  action  of  a 
trifngal  jua('hine  (Hg.  l.'U)  for  sonu>  tinu\ 

(.'^  )  The  Corpuscles. — a.  ('ohnwd. — Analysis  of  a  thousand  j 
of  moist  blood  corpuscles  shows  the  following  result: — 

Water 688 

Solids- 

Mineral  g  jg  P^-— *"^ 

Of  the  solids  the  most  important  is  H(vmoglohh} j  the  substam 
which  the  blood  owes  its  color.  It  constitutes,  as  will  be  seen  fi-oii 
appended  table,  more  than  90  per  cent  of  the  organic  matter  of  the 
l)uscles.  Besides  luemoglobin  there  are  proteid  and  fatty  matters 
foi'mer  chiefly  consisting  of  (jlnhuUnsj  and  the  latter  of  chole^terin 
lecithin. 

In  1000  parts  organic  matter  are  found: — 

Hrcmoglohln 9C5.4 

Proteids 86.7 

Fats T.9=1000 
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^the  inorf/anic  salts  of  the  eorpuscles,  with  the  iron  omitted — 
In  1000  parts  eorpuscles  (Schiuitit)  are  found : — 

r^famnm  Chloride       .        ,         ,         .         .         .  ,3,679 

Foiiismttm  F/umphaU 2,343 

PolfLssi urn  sulphate      ....                 .  ,       .132 

N^iuni .683 

Calcium ,  .  -     ,094 

31tk;;nesium       ....                  ...  .OfiO 

Soda 841=1282 

1  The  properties  of  haemoglobio  will  be  considered  in  relation  to  the 
es  of  the  blood* 

Cfjlot'lem, — la  consequence  of  the  difficulty  of  obtaining  colorless 
iscles  in  sufficient  number  to  make  an  analysis,  little  is  accurately 
of  their  chemical  composition;  in  all  probability,  however,  the 
Oplasm  of  the  corpuseles  is  made  up  of  prot-eid  matter,  and  the  nucleus 
tucletn^  a  iiitrogenuus  phosphorus-containing  body  akin  to  mucin^  ca- 
of  Insisting  the  action  of  the  gastric  juiee.  The  proteid  matter  is 
up  probably  of  one  or  moi-e  niieleo -albumins,  and  of  one  or  more 
bUus  with  a  small  amount  of  serum  album  in.  There  are  also  present 
kiftf  a  fatty  botly  containing  phosphor  us  ^/jii^^^^  ffnttutles  staining  black 
ostuic  acid,  rholcsterm,  a  monatomic  alcohol,  ^h/foz/ejif  and  s^i/ls  of 
potassium,  calcium,  and  magnesium,  of  which  the  phosphate  of 
liuui  is  in  greatest  amount, 

:.)  Fibrin.— The  part  jdayed  b}^  tibrin  in  the  formation  of  a  clot 
tests  have  l>een  already  described,  and  it  is  only  necessary  to  con- 
'  here  it^s  genemi  properties.     It  is  a  stringy  elastic  substance  belong- 
o  the  proteid  class  of  bodies.     Blood  contains  only  .2  per  cent  of 
It  can  be  converted  by  the  gastric  or  |>ancreatic  juice  into  pep- 
It  possesses  the  power  of  liberating  the  oxygen  from  solutions  of 
ic  peroxide  H^O,  or  ozonic  ether.     This  may  he  shown  by  dipi)ing 
pw  shreds  of  fibrin  in  tincture  of  gnaiacum,  and  tlien  immersing  them 
solution  of  hydric  peroxide.     The  tibrin  l>eeomes  of  a  bhiish  color, 
its  having  liberated  from  tlie  solution  oxygen,  which  oxidizes  the 
of  guaiacuin  contained  in  the  tincture,  and  thus  produces  the  colora- 


The  Gases  of  the  Blood. 


■Tlie  gases  contained  in  the  blood  are  carbonic  acid,  oxygen,  and  nitro* 
1, 100  volumes  of  blood  containing  from  50  to  60  volumes  of  tliese  gases 

ctively. 

[Arterial  blood  contains  relatively  more  oxygen  and  less  cai'bonic  acid 
venous.      But  the  absolute  quantity  of  carbonic  acid  is  in  both  kinds 
Wood  gi^ater  than  that  of  the  oxygen. 
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Arterial  Blood 

Venous        ** 

(from  muscles  at  rest) 


,    20  vol.  per  cent. 
8  to  12   - 


OtrbunU 
89  vol.  per  \ 
46    - 


The  ExtractiQn  of  the  Gaie»  from  ^  BCood.— As  the  ordin&ry  air  pu 

sufflcietitly  powerful  for  the  purpose,  the  extraction  of  U»e  gnams  frawl 
Is  accompiished  by  mcuns  of  a  mercurial  air  pump,  of  which  thcne  axe  n 
rietit*R,  those  of  Ludwig,  Alverj^uidt.  Gtissler,  ikud  S[>rengul  Itviug  iltei 
priDciple  of  actioti  \n  ull  U  much  the  same.     Ludv^ig's  pump,  which 

as  a  type,  is  represented  tu  tig.  132  It| 
two  fixed  glass  globes,  Caud  F,  the  up|»< 
municating  by  means  of  Ihe  stopcock  A  i 
india -ruhlKT  tutx?  with  another  glass  glob 
vun  be  ruised  or  lowert^d  by  means  of  a  puUrj 
comnuminites  by  means  of  a  stopcock,  B,  tat 
glass  tiilw,  J,  with  a  gas  receiver  (not  repia 
the  Ugure),  .1,  dipping  into  a  bowl  of  mef* 
thiit  the  gus  may  lie  received  over  mercuf 
lower  glolie,  F,  cornmunicrttes  with  C  hy  » 
the  slopcwk.  fC,  with  J  in  which  the  blocn 
tained  by  the  st<>pc<^»ck,  0,  ami  with  a  movs 
globo,  X  siniilur  to  L.  by  means  of  the  sti 
and  the  stout  India  rubber  tube,  K 

In  order  to  work  the  pump,  L  and 
with  mercury,  the  blood  from  which  the  { 
to  be  extracted  is  phire<l  in  the  bulb  /,  the  tl 
//.  E,  LK  and  /?,  being  open,  and  G  close 
raiseii  by  menus  of  the  pulky  until  /^isful 
cury,  and  the  air  is  driven  out.  E  is  ibei 
and  L  is  raise*l  so  thiit  V  becomes  full  of  i 
and  the  air  driven  oft.  ^is  then  ckised.  C 
ing  L  tbe  mercury  runs  into  it  from  C  and  a 
is  established  in  C.  On  t^peuing  J?  and 
a  vacuum  is  similarly  estJibHshed  in  F; 
opened »  the  blotHl  in  /  will  enter  ebuUitio 
gases  will  piis^s  otT  into  Frind  i\  and  on  raisin 
then  L,  the  stopcock  /Jlx'ing  opened,  the  gas 
through  -1,  anil  is  receivL'd  into  fhe  r^eceiverc 
cury.  By  rejiealing  the  experiment  sevei 
the   whole  of  the   gases  of  the  spedme 
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FlR.  laa—Lud  wig's  Mercurial 
Pump. 


is  obtained,  and  may  be  estimated. 


tte^i 


A,  The  Oxygen  of  the  Blood.— It  has  been  found  that 
small  pro  portion  of  the  oxygen  which  caii  be  obtained,  by  the  ai< 
mercurial  pump  from  the  blood,  exists  in  a  state  of  sitiiple  solutioi 
plasma  (about  5  per  cent).  If  the  gas  were  in  simple  soluti 
amount  of  oxygen  in  any  given  quantity  of  blood,  exposed  to  an 
atmosphere,  ought  to  vary  with  tbe  amount  of  oxygen  contained 
atmosphere.     Since,  speaking  generally,  the  amount  of  any  gas  a 


a  liquid  such  as  plasnia  would  depend  upon  the  proportiou  of  the  gafi 
like  atmosphere  to  which  the  liquid  is  exposed^ if  the  proportion  is 
lA%f  the  aUsorptiou  will  he  great;  if  small,  the  absorption  will  be  slmi- 
ijr  small.  The  absorption  contioues  until  the  proportinus  of  the  gas  in 
5  liquid  and  in  the  atmosphere  are  equaL  Oilier  things  will,  of  course, 
Imence  the  absorption,  such  as  the  nature  of  the  gns  employed,  the  nu' 
ft  fif  the  /if/ it  id  and  the  tempfratur*'^  but  ca'terls  purihusy  the  amount  of 
p^  which  a  liquid  absorbs  depends  upon  the  proportion — the  so-called 
irtial  pressure — of  the  gas  in  the  atmosphere  to  which  the  liquid  is 
bjtjcted.  And  conversely,  if  a  liquid  eontairdng  a  gas  in  solution  be 
^eed  to  an  atmosphere  containing  none  of  the  gas,  the  gas  will  be 
9&  up  to  the  atmosphere  until  the  amount  in  the  liquid  and  in  the 
lere  becomes  equaL     This  condition  is  called  a  tondhioji  of  equal 

Tlie  condition  may  be  understood  by  a  slmpk  llluatration.     A  large  amount  of 
c  acid  gHs  is  dissolved  in  a  bottle  of  water  by  exposiug  the  Uqiiitl  to  extreme 
(if  tbe  gas,  and  a  cork  is  placetl  in  tbe  battle  and  wired  drtwn.     The  gaa 
in  the  water  in  a  condition  of  tension,  and  therefore  exlribils  i\  tendency  to 
»pe  into  the  atmosphere,  in  order  to  relieve  the  tension;  tiiis  produces  the  violent 
ilfiion  of  the  cork  when  the  wire  is  removed,  and  if  the  aOnited  water  is  placed 
llje  gas  will  continue  to  be  evolved  until  it  has  almost  entirely  passed  into 
sphere,  and  the  tension  of  the  gas  in  the  water  apprfL\jinaU*s  to  that  of  ihe 
Ihere,  in  which,  it  shoidd  be  renitmbered.  the  carbon  dioxide  is,  tiatu rally,  in 
^  small  afiiouut,  viz..  .04  per  cent. 

The  oxygen  of  the  blood  does  not  obey  this  law  of  pressure.  For  if 
Hi  which  contains  little  or  no  oxygen  be  exposed  to  a  succession  of  at- 
Ipheres  containing  more  and  more  of  that  gas,  we  tind  that  the  absorp- 
\  la  at  iirst  very  great,  but  soon  becomes  relatively  very  small,  not 
ig  therefore  regularly  in  proportion  to  the  inei^eased  amount  (or  ten- 
l)  of  tiie  oxygen  of  the  atmospheres,  and  that  conversely,  if  arterial 
>cl  be  submitted  to  regularly  diminishing  pressures  of  oxygen,  at  first 
f  little  of  the  contained  oxygen  is  given  off  to  the  atmosphere,  then 
fletily  tlje  gas  escapes  with  great  rapidity,  and  again  disobeys  tire  law 
^ivsj^ures. 

Very  little  oxygen  can  be  obtained  from  plasma  freed  from  blood  cor- 
^]i*S|  even  by  the  strongest  mercurial  air-i>ump,  neither  can  it  l>e  made 
^isorb  a  large  rpiantity  of  that  gas;  Imt  the  small  quantity  which  is 
Irezi  up  or  so  absorbed  follows  the  laws  of  absorption  according  to 
laure 

|t  mast  be,  tlierefore,  evident  that  the  chief  part  of  the  oxygen  is  con- 
fed  in  the  corpuscles,  and  not  in  a  state  of  simple  solution.  The  chief 
I  constituent  of  the  colored  corpuscles  is  hftmofflobm^  which  consti- 
B  more  than  90  per  cent  of  their  bulk-     This  body  has  a  very  remark- 
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able  affinity  for  oxjgen,  absorbing  it  to  a  verj  definite  extetit  undfri 
vorable  eirciunstaiices,  and  giving  it  up  when  subjected  to  the  actiooi 
jeducing  agents,  or  to  a  sufficiently  low  oxygen  pressure.     From 
facts  it  is  iuferjM?d  that  the  0x3^  gen  of  the  blood  is  tombined  with 
gloUn^  and  not  simply  dissolved;  but  inasmuch  as  it  is  coinpar 
easy  to  cause  the  h^aioglobin  to  give  up  its  oxygen,  it  is  belieredt 
the  oxygen  is  but  loose! y  rtymhined  with  the  substance. 

H^tiloglobtn. — Hieiiioglobin  is  a  crystallizable  body  which 
tntes  by  far  the  largest  portion  of  the  colored  corpuscles.     It  isintiiui 
distributed  throughout  their  stroma,  and  must  be  dissolved  out  befoi 
will  undergo  crystallization.     Its  i>ercentage  coin{K)sition  is  C.  53.S5;  1 
7-32;  N.  10.17;  0.21.84;  S  .63;  Fe.  .42-     Jacquet  gives  the  emp 
formula  for  the  hsBinoglobiti  of  the  dug,  C,,,Hj^^^K,^^S^FeO^^..     The! 


^>< 


>^^ 


ftff.  183. 


prlam»tl(p»  fn>m  buiimn  bl»j<:Nd. 


FIff.  JiW.— OjrT-h»mofflohlo  riTStelt-Mi 


interesting  of  the  properties  of  heemoglobin  are  its  powers  of  crystalli 
and  its  attraction  for  oxygen  and  other  gases. 

Crystah, — The  hEenioglobin  of  thtt  blood  of  various  animals 
the  power  of  crystallizing  to  very  different  extents  (oxyhsemoglobin)^ 
some  animals  the  fonnation  of  crystals  is  almost  spontaneous,  wher 
others  it  takes  plar^e  either  with  great  ditticulty  or  not  at  all. 
the  animals  whose  blood  coloring-matter  crystallizes  most  readily  arei 
guinea-pig,  rat,  squirrel,  and  dog;  and  in  these  cases  to  obtain  cryst 
is  generally  sufficient  to  dilute  a  drop  of  recently  drawn  blood  withi 
and  to  expose  it  for  a  few  minutes  to  the  air.     Light  seems  to  fa? 
formation  of   the  crystals      In  many  instances   other   means   lau 
adopted,  €  ij  ,  the  addition  of  alcohol,  ether,  or  chloroform,  rapid 
ing,  and  then  thawing,  in  electric  current,  a  temperature  of  60**  C. 
F  ),  the  addition  of  sodium  sulphate,  or  thf  addition  of  decomposill 
rum  of  anotlier  animal 
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The  haemoglobin  of  human  blood  crystallizes  with  difficulty,  as  does 
I  that  of  the  ox,  tbe  pig,  the  sheep,  and  the  rabbit. 
The  forms  of  haemoglobin  crystals,  as  will  be  seen  from  the  appended 
ares,  differ  greatly. 

Haemoglobin  crystals  are  soluble  in  water.     Both  the  crystals  them- 
|vt3  a&d  also  their  solutions  have  the  charactenstic  color  of  arterial 

A  dilute  solution  of  oxyhseomglobin  gives  a  characteristic  appeaiance 

I  the  sjjectroseope*     Two  absorption  hands  are  seen  between  the  solar 

\  D*  (which  is  the  sodium  baud  in  the  yellow)  and  e*  (see  plate),  one 

iihe  yellow,  with  its  middle  line  some  little  way  to  the  right  of  d,  is 

intense,  but  narrower  than  the  other,  whieii  lies  in  the  green  near  to 

!  left  of  E.     Each  band  is  darkest  in  the  middle  aud  fades  away  at  the 


\ 


\tiir 


SL—HexASOtuU  oxj-hiieiitoirlobiii  crrstals,  from  blood  M  squlrrpl.    On  these  bexoffonal  plates 
lirtflaMlto  ciTit&ls  (TToiiiiecl  In  u  st*j(lAte  fnmini.-r  wot  tjnf neMut-ntly  rurur  <iifter  Funkej. 

As  thesti'engthof  the  solution  inereases  the  bands  beeome  Imiader 

deeper,  ami  both  the  red  and  the  blue  ends  of  the  speetriun  becoms 

['bed  upon  until  the  bands  coalesce  to  form  one  %^ery  broad  band, 

only  a  sliglit  amuunt  of  tiie  green  remanis  xuiabsorbed,  aud  part  of 

red;  on  still  further  imu^ase  of  strength  the  formei  disapj^ears. 

*  li  the  crystals  of  oxyhjBmoglobni  be  subjected  to  a  mercurial  air- 

sp  they  give  off  a  definite  amount  of  oxygen  (1  gramme  giving  off 

'  cciiK  of  oxygeii)j  and  they  beeoiiie  of  a  purple  color  j  and  a  solution 

Kybaeraoglobiii  may  be  made  to  give  up  oxygen,  aud  to  become  purple 

\%  sltoilar  manuer« 

This  change  may  be  also  effected  by  passing  through  the  solution  of 

,  or  of  oxyhemoglobin,  hydrogen  or  nitrogen  gas,  or  by  the  action 
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of  reducing  a^^nts,  of  which  Stokes^s  fluid  *  or  ammonium  sulphide 
the  most  convenient. 

With  the  S|>ectro8Cope,  a  solution  of  deoxidized  or  reduced  hirm 
is  found  to  give  an  entirely  different  appearance  from  that  of  oxi( 
haemoglobin.     Instead  of  the  two  bands  at  d  and  e  we  find  a  sii 
broader  but  fainter  band  occuj)ying  a  position  midway  between  the 
and  at  the  same  time  less  of  the  blue  end  of  the  8|jectrum  is  absoi 
Even  in  strong  solutions  this  latter  api>earanee  is  found,  thereby  dil 
from  tlie  strong  solution  of  oxidized  haemoglobin  which  lets  through 
the  red  and  orange  rays;  accordingly  to  the  naked  eye  the  one  (redi 
haemoglobin  solution)  appears  purple,  the  other  (oxyhsemoglobin  solal 
red.     Tlie  deoxidized  crystals  or  their  solutions  quickly  absorb  oxygen 
exposure  to  the  air,  becoming  scarlet.     If  solutions  of  blood  be  taken 
stead  of  solutions  of  haemoglobiui  results  similar  to  the  whole  of 
foregoing  can  be  obtained. 

Venous  blood  never,  except  in  the  last  stages  of  asphyxia,  fails 
show  the  oxyhaemoglobin    bands,  inasmuch   as  the  greater  part  of 
haemoglobin  even  in  venous  blood  exists  in  the  more  highly  oxidized 
dition 

Action  of  Gases  on  Haemoglobin.— Carbonic  oxide  gas,  |i 
through  a  solution  of  haemoglobin,  causes  it  to  assume  a  oherry-red  col( 
and  to  present  a  slightly  altered  spectrum;  two  bands  are  still  visibi 
but  are  slightly  nearer  the  blue  end  than  those  of  oxyhaemoglobin  (i 
plat^)  The  amount  of  carbonic  oxide  taken  up  is  equal  to  the  amoi 
of  the  oxygen  displaced.  Although  the  carbonic  oxide  gas  readily 
platvs  oxygen,  the  reverse  is  not  the  case,  and  upon  this  property 
penils  the  dangerous  effect  of  coal-gas  poisoning.  Coal  gas  contaltf 
much  carbonic  oxide,  and  when  breathed,  the  gas  combines  with  thehaml^ 
globin  of  the  blood,  and  produces  a  compound  which  cannot  easily  bew 
diic(Ml  This  compound  (carb-oxyhaemoglobin)  is  by  no  means  an  oxygei 
carrier,  and  death  may  result  from  suffocation  due  to  the  want  of  oxygH 
notwithstanding  the  free  entry  of  i)ure  air  into  the  lungs.  Crystals 
carbonic-oxide  luemoglobin  closely  n^semble  those  of  oxyhaemoglobin. 

Nitric.  oxi(It>  provinces  a  similar  compound  to  the  carbonic-oxide haemi 
globin,  which  is  even  less  easily  reduced. 

yiirnus  oxUh'  reduces  oxyhaemoglobin,  and  tlierefore  leaves  the  i» 
duced  hannoglobiu  in  a  condition  to  actively  take  up  oxygen. 

Sulphuretted  Jhfdrotjni.  —  If  this  gas  be  passed  through  a  solution 


*  Sfnkfit'fi  Fluid  consists  of  a  sohition  of  ferromt  siilpJiate,  to  which  ammonia 
been  luUlcd  and  auttlcicnt  tartaric  acid  to  prevent  precipitation.  Another  redudi 
a^ent  is  a  sohition  of  Mtannoutt  chloride,  treated  in  a  way  similar  to  the  ferrous 
phate.  and  a  third  reagent  of  like  nature  is  an  aqueous  solution  of  yellow  aminMtN 
sutphide,  NH*  US. 
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emoglobin,  the  haemoglobin  is  reduced  and  an  additional  band  ap- 
I  in  the  i"ed.  If  the  solution  be  then  shaken  with  air,  the  two  bands 
jjyhaemoglobiii  replace  that  of  reduced  liiDenioglobin,  but  the  band  in 
Ihi  persists. 

lethacmoglobin.— If  an    aqueous   solution  of  oxyh^emoglobin   is 
led  to  the  ati-  for  some  time,  its  spectrmu  undergoes  a  change  j  the 
and  E  bands  become  faint,  and  a  new  line  in  tbe  i^d  at  c  is  de- 
ed.    The  solution,  too,  becomes  brown  and  acid  in  reaction,  and  is 
pitable  by  basic  lead  acetate.     This  change  is  due  to  the  deconi po- 
of oxvhflpmoglobin,  and  to  the  production  of  metha^mufflobin.     On 
ammonium  sulphide,  i*educed  haemoglobin  is  produced,  and  on 


K' 


Fig.  lae.— FletooW^  Hffiinofrlobliiometer. 

ftliis  up  with  air,  oxyhaemoglobin  is  reproduced.  Methaemoglo- 
r  probably  a  stage  in  the  deoxidation  of  oxyliaemoglobin.  It  appears 
Itaun  less  oxygen  than  oxyhsemoglobin,  but  more  than  reduced  hse- 
ifauEl.  Its  oxygen  is  in  more  stable  combination,  however,  than  is 
■pirith  the  former  compound. 

Stimation  of  Hsemoglobin. — The  most  exact  method  is  by  the 
Ition  of  the  amount  of  iron  (diy  haemoglobin  containuig  .42  per  cent 
^)  in  a  given  specimen  of  blood,  but  as  this  is  a  somewhat  compli- 
^  process,  vanous  methods  have  l>een  proposed  which,  though  not 
iu?t,  have  the  advantage  of  simplicity.  Of  the  several  varieties  of 
globitiometer  that  whicli  appears  to  be  the  best  adapted  to  its  pur- 
Hn  tliat  invented  by  Professor  FleischI,  of  Vienna.  In  this  instrn- 
ajnoont  of  hsemoglobin  in  a  solution  of  blood  is  estimated  by 
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comparing  a  stratum  of  diluted  blood  with  a  standard  solid  substance 
uniform  tint  similar  spectroscopically  to  diluted  blood.  The  Fit 
instrument  has  been  recently  modiiied  and  made  more  accotato 
Miescher.  The  Fleischl-Miescher  apparatus  consists  of  a  stand  witk't 
metal  plate  having  a  circular  opening  and  a  plaster  mirror  (iS^  fig. 
belowy  which  casts  light  through  the  opening.  Beneath  the  plate 
metal  framework  containing  a  colored  glass  wedge,  and  along  the  nda 
the  same  is  a  scale  graduated  so  as  to  indicate  the  percentage  of 
globin  corresponding  to  the  shades  of  the  different  parts  of  the 
This  framework  can  be  moved  by  the  wheel  (T)  which  fits  into  a  rack 
its  lower  surface  Tlie  scale  can  be  read  through  a  small  opening  («] 
the  plate.  Into  the  large  circular  opening  of  the  plate  fits  a  cyliiK 
metal  cell  (J/)  with  a  glass  bottom  and  divided  by  a  metal  partition 
two  equal  parts.  One  of  these  halves  lies  over  the  wedge  and  ia 
with  distilled  water.  The  other  contains  the  solution  of  blood  in  vl 
the  haemoglobin  is  to  be  estimated.  The  apparatus  is  usually 
with  three  cells  (J/,  J/',  M")  Of  these,  the  first  two  are  used  in 
mating  the  hsemoglobin  according  to  Miescher's  modification  of 
original  method.  This  is  tlie  method  now  generally  used.  These 
are  furnished  with  a  glass  cover  (Z>),  having  a  groove  which  fits  upon 
partition  of  the  cell.  Over  this  cover  is  placed  a  diaphragm  (Bl) 
longitudinal  slit,  which  only  permits  of  the  central  part  of  each  side 
the  cell  being  seen.  The  third  cell  (M')  is  for  use  when  the  orign 
Fleischl  method  is  employed. 

Frocedure, — The  patient's  ear  or  finger  is  pricked  with  the  pi 
(St)  and  the  blood  from  the  wound  sucked  up  into  the  graduated  pi] 
(3Inl)  until  it  reaches  the  mark  |,  f ,  or  \  water,  or  a  one-per-cent 
tion   of  sodium  carbonate  is  then  sucked  in  until  the   upper  mark 
reached.     The  ])iv)ette  is  tlien  well  shaken  in  order  to  mix  the  blood 
oughly      One-half  of  each  of  tlie  two  cells  (M,  J/'),  which  are  respei 
tively  12  and  15  millimetres  high,  are  then  filled  with  the  mixture, 
other  half  being  tilled  with  water.     An  important  point  is  that  the  liqi 
should  completely  till  the  cells.     The  cover-glasses  and  diaphragms 
then  applied  and  the  cells  are  ready  for  examination.     This  must  bedfll 
by  artiticial  light.     ^Moreover,  in  order  to  have  accurate  results,  light 
the  same  intensity  should  l)e  always  used.     One  of  the  cells  is  placed 
the  plate  and  the  wheel  (T  )  turned  until  the  colors  of  the  two  halt 
exactly  correspond.     When  tliis  point  is  reached,  the  result  is  read 
on  the   scale  through  the  opening  (///).     This  should  be  i*ei.>eated  seven 
times  with  each  of  the  cells  and  the  average  of  the  readings  taken.    Tbl 
result  obtained  with  the  12-millimetre  cell  being  nmltiplied  by  |-  tobril 
it  up  to  that  of  the  larger.     For  example,  suppose  the  result  of  sevcil 
readings  to  be :  1 
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W!tb  the  large  ceu  (15  mm.) 
With  the  smttll  cell  (12  mm.) 


64.00 


leadings  obtained  with  the  large  cell  are  exactly  correct,  then 
dings  with  the  smaller  one  should  be  43.2,  since  54  x  |  —  43.2. 
f,  if  the  readings  with  the  smaller  cells  are  exact,  the  readings  with  the 
r  should  lie  62,5,  since  42  x  f  =  52.5.  Hence  the  mean  of  54  and 
5|  namely  53.25,  should  be  taken  as  the  correct  tigiire.  On  looking 
the  corrected  table  of  haemoglobin  valnes  sup|jlied  with  each  instru- 
put,  we  would  find  that  this  number  on  the  scale  eorresi Minded  to  a 
Intiou  containing  400  milligrams  of  hemoglobin  per  1,000  cubic  centi- 
rtres  of  solution.  But  our  original  dilution  was  either  1 :  200,  1 :  rKKJ, 
£400,  aex?ording  as  our  pipette  had  been  tilled  with  blood  op  to  the  mark 
f,  or  i;  so  that  in  order  to  obtain  the  actual  jjerceDtageof  biemuglobin 
ike  blood  under  examination  we  should  be  obliged  to  multiply  our  re- 
It  by  200,  300j  or  400.  In  the  example  we  have  taken,  the  amount  of 
Bmoglobin  would  be,  if  our  dUution  was  1:200,  400  x  2O0  =  80,000 
illigrams  =  80  grams  in  1,000  cubic  centimetres  —  8  grams  in  100  cubic 
timet  res,  or  8  per  cent, 

TalqiiUt, — Another  very  simple  method  of  approximately  determining 
hamoglobiu  percentage  is  the  haemoglobin  scale  devised  by  T.  W. 
Iquist.  This  consists  of  a  series  of  shades  of  color  corresponding  to 
[diluted  blood  of  various  hemoglobin  values,  ranging  from  ten  to  one 
mdred  per  cent  of  an  arbitrary  scale.  This  scale  is  included  in  a  book, 
e  remaining  pages  of  which  consist  of  tiller  pai>er,  which  is  used  for 
Borbing  the  specimen  of  blood  whose  haemoglobin  j>ercentage  is  to  be 
ttmated.  The  blood-stained  filter  paper  is  compared  with  the  haeino- 
n  scale  by  direct  daylight  until  a  siiade  is  found  with  which  it  corre- 
mds*  For  approximate  results  this  method  has  proved  very  satisfac- 
r. 

Distribution  of  Haemoglobin-— Haemoglobin  occurs  not  oidy  in 
red  blo<jd*cells  of  all  vertebrata  (except  amphioxus  and  leptocephalus 
blood-cells  ai'e  all  colorless),  but  also  in  similar  cells  in  many 
ixnns;  moreover,  it  is  found  diffused  in  the  vascular  fluid  of  some  other 
irms  and  certain  Cmstacea;  it  also  occurs  in  all  the  striated  muscles  of 
immaLH  and  Birds.  It  is  generally  absent  from  nn striated  muscle  ex- 
tbat  of  the  rectum.  It  has  also  been  found  in  Mollusca  in  certain 
9cles  which  ai'e  specially  active,  viz.,  those  which  work  the  rasp-liko 


Derivatives  of  Hsemoglobin. 

Hsematin* — By  the  action  of  heat,  or  of  acids  or  alkalies  in  the  pi*es- 
B  of  ox3*gen,  haemoglobin  can  be  split  up  into  a  substance  called  HtB- 
iw,  which  contabis  all  the  iron  of  the  liEemoglohin  from  which  it  was 
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derived,  and  a  proteid  residue.  Of  the  latter  it  is  impossible  to  say  mm] 
than  that  it  probably  consists  of  one  or  more  bodies  of  the  globulin  clia 
If  there  be  no  oxygen  present,  instead  of  hsematin  a  body  called  hxmo- 
chromogen  is  produced,  which,  however,  will  speedily  undergo  oxidr 
tion  into  haeniatiu. 

Hieniatin  is  a  dark  brownish  or  black  non-crystallizable  substauoe  d 
metallic  lustre  Its  ])ercentage  composition  isC.  04.30;  H  5.50;  K. 
9  00;  Fe  8  82;  0  12.32;  which  gives  the  formula  C,,,  H,,,  N.,  Fe,,  0^ 
(Hoppe-Scyler)  It  is  insoluble  iu  water,  alcohol,  and  ether;  soluble  in 
tlie  caustic  alkalies;  soluble  with  difficulty  in  hot  alcohol  to  which  is 
added  sulphuric  acid  The  iron  may  be  i-emoved  fi-om  haematin  by  heat- 
ing it  with  fuming  hydrochloric  acid  to  160^  C.  (320°  F.),  and  a  new 
body,  haematoporphyrin,  the  so-called  iron-free  haematin,  is  prodacei 
II;eniato])orphyrin  (C„,  H,^,  N^,  0,,,  Hoppe-Seyler)  may  also  be  obtaina 
by  adding  blood  to  strong  sulphuric  acid,  and  if  necessary  filtering  tha 
fluid  through  asbestos.  It  forms  a  fine  crimson  solution,  which  has  i 
distinct  spectrum,  viz  ,  a  dark  band  just  beyond  d,  and  a  second  all  but 
midway  between  d  and  k.  It  may  be  precipitated  from  its  acid  solutioi 
by  adding  water  or  by  neutralization,  and  when  redissolved  in  alkaliei 
presents  four  bands,  a  pale  band  between  c  and  d,  a  second  betwees 
i>  and  K,  noan*r  i»,  another  nearer  £,  and  a  fourth  occupying  the  chiet 
]>art  of  the  spaiv  between  h  and  f. 

llivmnfhi  in  and  »nhitiou  — If  an  excess  of  acetic  acid  is  added  to 
i>lood.  antl  the  solution  is  boiled,  the  color  alters  to  brown  from  dee<»" 
]H\siti(tn  of  huMiioglobin  and  the  setting  free  of  haematin;  by  shaking 
sohition  with  ether,  a  s(tliition  of  iKematin  in  acid  solution  is  obtained. 
The  speetruni  t»f  the  ethereal  solution  (colored  plate)  shows  no  lessthiri 
tour  absorption  l>uiuls,  viz  ,  one  in  the  redWtween  c  and  d,  one  faint 
narrow  i*l.»st>  to  n  and  then  two  broadtT  bands,  one  between  D  and  e, 
aui^tlu'r  nt\uly  miilway  Ivtweon  /'and  f.  The  first  band  is  by  far 
Uiosi  distmot.  and  the  ai'id  aqueous  solution  of  haematin  shows  it  plainly. 

//<r'/; I. ».'/•/  1-7  ttt'ht.'hir  S'**uf!'iu  — If  a  eaustie  alkali  is  added  to  blood 
and  the  solution  is  bi»ilod.  alkaline  lueniatin  is  i>i-odueed,  and  the  solutioi 
lvi*ou\es  olivo  irreon  in  o\dor.  The  absorption  band  of  the  neweompourf 
is  \\\  il\e  iv\l,  ui'ar  to  i»,  and  t!ie  blue  envi  of  the  s|vetrum  is  absorbed  to 
a  vvnsuiera'olo  t'\;oT*it.  It  a  it^ilr.oi^i:  acent  Iv  added,  two  bands  reseo* 
bliuj;  tho>o  of  v^\N^\v'.i».\c'o'oiv.,  b^it  nearer  to  the  blue,  api^ear;  this  ii 
tl\e  spi\*tiuui  oi  •••  '.*  ,  or  ha^mochromog^en.    On  violently 

sh.iAir^:  :V.o  n\li-.x^\l  1  .v.'.'..i:'.:i  n*.:h  air  or  oxygen  the  two  bands  arert" 
v'.;u\  »;  i\\  the  M'.\i:',o  l».'i:\.i  v :'  ,v*k.\lv»o  :',v:'..a:i!:.  ' 

Hxm«ltoidin,  llr.s  sv.b>:,i:u>^  is  :o.::i.;  ::i  the  form  of  yellowiil 
ov\s:.r.s  ,•»>:  1:^7^  ;n  vM  K.vd  e\:ravas,\::v^v.<  and  is  derived  from  tMJ 
:;,vi;*^\i;',o>.n       Iho^.r  o:\s:aV.:v.e  tor  v.:   .;•  .1  t*:.e  reaction  they  give  wiA' 


If 


teing  nitric  acid  seem  to  show  them  to  be  closely  allied  to  BUmtbrn^ 
chief  coloring  matter  of  the  bile,  autl  in  composition  they  are  prob- 
Jljr either  identical  or  isomeric  with  it. 

Haemin.^One  of  the  most  important  derivatives  of  haematin  is  hee- 
It  is  usually  called  Ilydrochlurute  nf  Ha  matin  (or  liydrochloride), 
ita  exact  chemical  composition  is  uncertain.  Its  formula  is  said  to 
C,jH^,X^FeO,HCl,  and  it  contains  5.1?*  per  cent  of  chlorine,  but  by 
,e  it  is  looked  upon  as  simply  crystallized  htematin.  Although  dit!i- 
it  Co  obtain  in  bulk,  a  specimen  may  be  easily  made  for  the  microscope 


fig.  isr,— Hjpnmtoldin  eryntato.    (Ptey.V 


rilf.  13fl.— Hiemtn  (TTstals.    (Frey.) 


he  following  way  :^ A  small  drop  of  dried  blood  is  iinely  powdered 

a  few  eiystals  of  common  salt  on  a  glass  slide  and  spread  out;  a 

er'glass  is  then  placed  upon  it,  and  glacial  acetic  acid  added  by  Uieana 

capillary  pipette*     The  blood  at  once  turns  of  a  brownish  color      The 

I  is  then  heated,  and  the  acid  mixture  evaporated  to  drj^iiess  at  a  high 

^ratuie.     The  excess  of  salt  is  washed  away  wrth  water  from  the 

td  residue,  and  the  specimen  may  then  be  dried  and  mounted      A 

'  number  of  small,  dark,  reddish  black  crystals  of  a  rhombic  8hai>e, 

limes  arranged  in  bundles,  will  be  seen  if  the  slide  be  subjected  to 

Bpcopic  examination  (iig    138) 

Re  formation  of  these  hsemin  crystals  is  of  great  interest  and  impor- 

B  from  a  medico-legal  point  of  view,  as  it  constitutes  the  most  rertain 

delicate  test  we  have  for  the  presence  of  blood  (not  of  necessity  the 

il  of  man)  in  a  stain  on  clothes,  etc.     It  exceeds  in  delicacy  even  the 

ttroscopic  test.     Compounds  similar  in   composition  to  hyemin,  but 

taining  hydrobromic  or  hydriodic  acid,  instead  of  hydrochloric,  may 

I50  readily  obtained 

The  Carbon  Dioxide  Gas  in  the  Blood.— Of  this  gas  in  the 
^»  part  exists  in  a  state  of  sinijile  solution  in  the  iilasnia,  and  is  given 
in  vacuo  1  35.2  per  cent)^  and  the  rest  in  a  state  of  weak  chemical  com- 
Itioti.  Of  the  latter,  part  is  in  loose  combination  with  the  liEemo- 
Bf  probably  with  the  glolmlin  part,  and  part  is  more  firmly  united 
the  alkalies,  possibly  with  the  carbonates  in  the  form  of  bicarbonate. 
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The  amouut  which  can  be  absorbed  depends  on  the  alkalescence  of  th 
blood. 

C.  The  Nitrogen  in  the  Blood.— The  whole  of  the  small  qan* 
tity  of  the  nitrogen  contained  in  the  blood  is  simply  dissolved  in  theflnii 
plasma. 

Chemical  Composition  of  the  Blood  in  Bulk.— Analyses  d 
the  blood  as  a  ^yhole  differ  slightly,  but  the  following  table  may  be  taktt 
to  represent  the  average  composition : 

Water 784 

Solids- 
Corpuscles  .        .  180 

Proteids  (of  serum) 70  ' 

Fibrin  (of  clot) 2.3 

Fatty  matters  (of  serum) 1.4 

Inor^nic  salts  (of  serum) 6 

Oases,  kreatin.  urea  and  other  extractive  matter,  )      ^  . 

glucose  and  accidental  substances    .        .         f 

31ft 

1000 

Variations  in  the  Composition  of  Healthy  Blood. 

The  conditions  which  ap}iear  most  to  influence  the  composition  of  dn 
blood  in  health  are  these :  8ex,  Pregnancy,  Age,  and  Temperament.  Tk 
composition  of  the  blood  is  also,  of  course,  much  influenced  by  diet 

1.  *SV.r. — The  blood  of  men  differs  from  that  of  women,  chiefly 
l)eing  of  somewhat  higher  specihc  gravity,  from  its  containing  a  rektiie 
ly  larger  quantity  of  red  corpuscles. 

2.  rreynancij. — The  blood  of  pregnant  women  is  rather  lower 
the  average  specific  gravity.     The  quantity  of  the  colorless  corpuscles 
increased  in  the  latter  niontlis,  especially  in  primipai-ae ;  it  is  also  chumfil 
that  the  fibrin  is  increased  in  amount. 

l\.  Arjff, — Tlie  blood  of  the  fcetus  is  very  rich  in  solid  matter, 
especially  in  colored  corjuiscles;  and  this  condition,  gradually  diminisk 
ing,  continues  for  some  weeks  after  birth.  The  quantity  of  solid  m&tM 
then  falls  during  childhood  below  the  average,  rises  during  adult  lifi| 
and  in  old  age  falls  again. 

4.  Tnuprrinueuf. — There  appears  to  be  a  relatively  large  quantity 
solid  matter  in  those  of  a  plethoric  or  sanguineous  temperament. 

5.  Dirt, — Such  ditterences  in  the  composition  of  the  blood  as  aredi 
to  the  tenii>orary  presence  of  various  matters  absorbed  with  the  food 
drink,  as  well  as  the  more  lasting  changes  which  must  result  from  get 
erous  or  poor  diet  resj)ectively,  need  be  here  only  referred  to 

(>.  Effrrts  of  lilmhiiff. — The  result  of  bleeding  is  to  diminish  the  sjl 
cific  gravity  of  the  blood ;  and  so  quickly,  that  in  a  single  venesectifli 
the  portion  of  blood  last  drawn  has  often  a  less  specific  gravity  than  tM 
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ie  blood  that  flowed  first  Tliis  is,  of  coarse,  due  to  absorption  of 
from  the  tissues  of  tin*  liudy  Tiie  pin  siologif^al  iiuport  of  this  fact, 
tlj,  the  iustjiut  al^sarptiou  of  liiiuid  fruin  tlie  tissues,  is  the  same  as 
of  the  intense  thirst  wlach  is  so  coiniiioii  after  either  loss  of  bh>od^ 
e  nbsti-actiou  from  it  of  watei^  lluiil,  as  in  cholera,  diabetes,  and  the 


'or  some  little  tinie  after  bleeding  the  want  of  colored  eorpusdes  is 
markecl,  but  with  this  exception,  no  considerable  alteration  seeuis  to 
reduced  in  tlie  camposition  of  tlie  blood  for  more  than  a  very  sliort 
;  the  loss  of  the  other  constituents,  inrluding  tln^eolorhfss  corpuscles, 
I  very  quickly  repaired 

^arifjtUnts  in  different  parts  of  the  Botlt/. — Tlje  composition  of  the 
i,  as  might  be  expectetl,  is  found  to  vary  in  different  parts  of  the 
Thus  arterial  blood  differs  from  venous;  and  although  its  com - 
;iuii  and  general  chamcters  are  miiform  throughout  the  whole  course 
lie  systemic  arteries,  they  are  not  so  throughout  the  venous  system 
e  blood  contained  in   some   veins  differing  markedly  fix)m  that  ia 

^Mfferentes  between  Atieriat  ami  J'enftiis  JihmJ. — The  differences  be- 
ll arterial  and  venous  blood  are  these : — 

ff.)  Arterial  blood  is  bright  red,  from  the  fact  that  almost  all  its  liae- 
lobiji  is  combined  witli  oxygen  (oxy haemoglobin,  or  scarlet  h^mo- 
in),  while  the  purple  tint  trf  venous  blood  is  due  to  the  deoxidation 
certain  quantity  of  its  oxyha^moglobiuj  and  its  consequent  redaction 
le  purple  variety  (deoxidized,  or  purple  ha?moglobin), 
^,)  Arterial  blood  coagulates  somewhat  more  quickly 
p.)  Arterial  blood  coutains  more  oxygen  than  venous,  and  less  car- 
5  aeid 

kwne  of  the  veins  contain  blood  wbicli  differs  from  the  ordinary  stand- 
tousidei-ably.  These  are  the  Portal,  tiie  Hepatic,  and  the  Splenic 
I. 

^0rUii  vein. — The  blood  whicli  the  portal  vein  conveys  to  the  liver  is 
lied  from  two  chief  sources;  namely,  from  the  gastric  aud  mesenteric 
S,  which  contain  the  soluble  elements  of  food  alisorbed  from  the 
lach  and  intestines  during  digestion,  and  from  the  splenic  vein;  it 
if  therefore,  combine  the  qualities  of  the  blood  from  each  of  these 
ces. 

The  blood  in  the  gastric  aud  inesenterie  veins  will  vary  much  accord- 
to  the  stage  of  digestion  ami  the  nature  of  the  food  taken,  ami  ean 
■efore  l>e  seldom  exactly  the  same.  Speaking  generally,  and  without 
lidermg  the  sugar  and  other  soluble  matters  which  mayjiave  been 
M'hed  from  the  alimentary  canal,  this  blood  appears  to  be  deficient  in 

Ccially  in  colored  corpuscles,  owing  to  dilution  by  the 
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quantity  of  water  absorbed,  to  contain  an  excess  of  proteid  matter,  i 
to  yield  a  less  tenacious  kind  of  libhn  than  that  of  blood  generally. 

The  blood  from  the  splenic  vein  is  generally  deficient  in  coloied* 
pusclesy  and  contains  an  unusually  large  proportion  of  proteids. 
fibrin  obtainable  from  the  blood  seems  to  vary  in  relative  amount,  he 
be  almost  always  above  the  average.  The  proportion  of  colorless  cor 
cles  is  also  unusually  large.  The  whole  quantity  of  solid  matter  is 
•reasedy  the  diminution  appearing  to  be  of  colored  corpuscles.  The  ] 
ma  is  said  to  be  colored  in  consequence  of  its  containing  dissolved  li 
atin. 

The  blood  of  the  portal  cein^  combining  the  peculiarities  of  its 
factors,  the  splenic  and  mesenteric  venous  blood,  is  usually  of  lower 
cific  gravity  than  blood  generally,  is  more  watery,  contains  fewer  ool 
corpuscles,  more  proteids,  and  yields  a  less  firm  clot  than  that  yielde 
other  blood,  owing  to  the  deficient  tenacity  of  its  fibrin. 

Guarding  (by  ligature  of  the  poi*tal  vein)  against  the  possibility  ( 
error  in  the  analysis  from  regurgitation  of  hepatic  blood  into  the  p 
vein,  recent  observers  have  determined  that  hepatic  venous  blood  cou^ 
less  water,  proteids,  and  salts  than  the  blood  of  the  portal  veins; 
that  it  yields  a  much  larger  amount  of  extractive  matter,  in  which  u 
constant  element,  namely,  grape-sugar,  which  is  found,  whether 
charine  or  farinaceous  matter  has  been  pi-esent  in  the  food  or  not. 

Globulocidal  and  Other  Properties  of  Serum. 

(a.)  Ci/tolt/sis. — It  has  l)een  known  for  some  time  that  the  sera  of 
tain  animals  when  injected  into  the  circulation  of  animals  of  another 
cies  will  cause  destructive  changes  in  the  blood  corpuscles,  accompa 
by  symptoms  of  ])oisoning,  which  may  even  end  fatally.  These  rei 
served  to  bring  into  disrepute  the  use  of  foreign  blood  in  transfu! 
which  has  conseciuently  been  j>ractically  abandoned.  This  discharj 
the  haemoglobin  of  the  red  blood-corimscles  and  solution  in  the  ph 
(laking)  is  now  included  in  the  general  term  Cytolysisy  and  more 
cifically  known  as  llamohjuis.  Agents  which  produce  such  an  efiFec 
known  as  lueniolytic  or  lueniotoxic  agents.  Sera  of  one  species  are 
hiemolytic  for  blood  of  all  other  species,  but  the  serum  of  one  an 
may  be  made  to  ac<iuire  such  properties  for  the  blood  of  another. 

This  adai>tatioii  is  brought  about  in  the  following  way :  For  instJ 
the  blood  of  the  guinea-pig,  which  is  not  normally  lytic  for  the  red 
of  the  rabbit,  may  be  adapted  to  the  latter  by  previously,  at  several 
cessive  intervals  (three  to  seven  days)  injecting  into  the  abdominal  c« 
or  subcutaneous  tissues  of  the  guinea-pig  small  quantities  of  rab 
blood.     If  now  a  small  quantity  of  serum  be  obtained  from  the  gui 


THE   BLOOD. 


175 


ky  the  usual  methods  anil  mixed  in  a  test  tiibe  with  some  of  the  rab- 
'l  blood  diluted  with  physiological  salt  sohition,  hteiiiolysis  occurs; 
lat  is,  the  coloring  matter  of  the  rabbit^a  red  blood-cells  goes  into 
tiiition  and  the  cells  apj>ear  under  the  microscope  aa  shadow  corpuscles 
I  ghosts,  devoid  of  Inemoglohiu.  Such  an  artificially  produced  h®mo- 
ftiii  serum  is  only  lytic  for  the  blood  of  the  animal  sjiecies  for  which  it 
Mbeeii  adapted.  It  is  true  that  it  may  also  show  slightly  lytic  proper- 
H  for  closely  allied  wpecies.  It  has  therefore  been  suggested  as  a  pos- 
de  valuable  aid  in  determining  relationships  of  various  animal  species. 
Concerning  the  nature  of  tlie  lytic  substance,  it  has  been  found  that  it 
K^bably  consists  of  two  liodies  acting  conjointly,  for  if  the  serum  be 
ftted  to  56'  C.  for  a  short  time,  its  lytic  powers  are  lost,  but  may  be 
stored  by  adding  a  little  serum  of  another  animal  of  the  same  species 
kich  has  not  been  adapted,  and  whose  serum  is  consequently  not  in 
elf  lytic.  Of  these  two  bodies,  therefore,  one  is  stable  and  is  formed 
\y  in  the  adapted  serum,  while  the  other  is  more  unstable  or  labile 

■oyed  at  56"^  C)  and  exists  normally  in  the  blood  plasma.  The 
is  known  as  the  inuaune  body  and  the  latter  as  alexin.  Lysis 
only  when  both  are  present  at  the  same  time,  and  not  through  the 
icy  of  one  or  the  other  singly. 
This  cytolytic  adaptation  has  been  extended  to  include  other  cells 
lides  the  re<l  blood-corpusles.  Thus  in  a  similar  manner  Itftieuh/tiCf 
yntnhftiej  nej*hroitftic^  and  a  number  of  other  lytic  sera  have  been 
reluped. 
It  is  furtlier  possible,  under  certain  circumstances,  that  substances 
gr  be  developed  in  the  tissues  which  are  lytic  for  other  tissue  cells  of 
fe  same  animal,  ftuto/t/tte  atihstttrfces.  This  may  be  an  important  ph^'si- 
^cal  process  in  the  elimination  of  worn  out  tissue  ceilsp  cellular  ele- 
Uts  in  injury,  inftammation,  etc* 

(^,)  Afff/fifthtattve  Sttlfst*iftrt\9. — A  further  property  of  adapted  sera  is 
ki  of  agglutination.  The  adaptation  is  secured  in  the  same  way  as  in 
I  production  of  cytolysins.  In  fact,  both  cyto lysis  and  agglutination 
jT  occur  at  the  same  tiuie.  The  normal  blood  serum  of  souie  animals 
jr  be  agglutinative  for  the  blood-cells  of  some  other  si>cries.  In  nor- 
)  serum,  agglutinative  and  cytolytic  properties  may  be  present  together 
Due  only  may  be  normally  present* 

The  activity  of  agglutinative  substances  is  not  destroyed  at  a  tempera- 
t  of  56 '^  C*  They  do  become  inert,  however^  at  70°  C,  and  further* 
re,  they  cannot  be  I'estored  by  adding  normal  serum,  as  is  the  case  with 
;ilysins, 

(c.)  I^rtcipUins, — Other  forms  of  adaptive  substances  which  m^y  be 
btl  in  animal  serum  are  those  which,  when  mixed  with  the  substances 
tiieans  of  which  adaptation  has  been  secured,  form  a  precipitate.     By 
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this  means  blood  of  differeat  species  of  animals  may  be  det 
when  in  a  dried  state.     It  has  been  suggested  as  a  possible  v^lc 
medico-legal  cases,  since  human  blood  in  a  dilution  of  1  to  SOJi 
been  recognized. 


Development  of  the  Blood-Corpuscles. 

The  first  formed  blood-corpa&cles  of  the  human  embrj-o  differ 
in  their  general  cliaracters  from  those  which  belong  to  the  later  peri 
of  intra-uterine,  and  to  all  periods  of  extra-uterine  life.  Their  luai 
of  origin  is  at  first  very  niniple. 

Surrounding  the  early  embryo  is  a  circular  area,  called  tlie  vaaoi 
area,  in  which  tlie  hi%t  nulhuents  of  the  blood-vessels  and  blood-coi] 
cles  are  developed.     Here  tbe  nucleated  embryonal  cells  of  the  mesobi 


Tig  Am. 

pmtopliu^iii.    IE.  A.  SohMiT^ 


-Part  of  the  network  of  developtiiff  btood^Tenels  Its  thff  TBiTUlar  stw  ot  m  | 
N,  l)J(x>d<>t>rpii9cle«  l^eixpnilnff  five  in  na  t'nlamed  miit  litillowed-«ut  part  of  the  i 
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from  which  the  blood-vessels  and  corpuscles  are  to  be  formed,  seSS 
processes  in  various  directions,  and  these,  joining  together,  form  an  irn 
lar  mesh  work.  The  nuclei  increase  in  number,  and  collect  chietiy  in 
larger  masses  of  protoplasm,  but  partly  also  in  the  processes.  It  app 
that  hBBuioglobin  then  makes  its  appearance  in  certain  of  these  nuel£| 
embryonal  cells,  which  thus  become  the  earliest  red  Idood-cofpjSR 
The  protoplasm  of  the  cells  and  their  branched  network  in  which-t] 
corpuscles  lie  tlien  l»ecome  hollowed  out  intoa  system  of  canals  iMia 
fluid,  in  which  the  red  nucleated  corpuscles  fleat.  The  corpuscle^H 
are  from  about  ^^\^  to  ^-^  of  an  inch  (10 /x  to  16/i)  in  diameter,  HKS 
spherical,  and  with  granular  eoutents,  and  a  well-marked  nucleus,  T 
nuclei,  which  are  about  yuV^  o^  an  inch  (6/i)  in  diameter,  ai-e  central, 
cnlar,  very  little  prominent  on  the  surfaces  of  the  corpuscles,  and  ap 
ently  slightly  granular  or  tuberoulated. 
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The  corpuscles  then  strongly  resemble  the  colorless  corpuscles  of  the 
fl)'  developed  blood,  but  are  colored.     They  are  capable  of  amtieboid 

aeiit  and  multiply  by  divisiou. 

When,  lu  the  progress  of  embryonic  development,  the  liver  begins  to 

Ifonued,  the  multiplication  of  blood-cells  in  the  whole  mass  of  blood 

e*,  and  new  blocwl -cells  are  produced  liy  this  organ,  and  also  by  the 

en.     These  are  at  first  colorless  and  nucleated,  but  afterward  acquire 

ordinary  bloud  tinge,  and  resemble  very  niach  those  of  the  first  set. 

Ity  also  multiply  by  division.     About  this  time  the  bone  marrow  also 

lift  to  form  red  corpuscles,  though  at  first  in  small  amounts  only.    This 

ion  develops  rapidly,  however,  so  that  at  birth  tlie  marrow  repre* 

the  chief  seat  of  production  of  the  red  cells-     Nevertheless,  nucle- 

,  red  cells  ai-e  usually  found  at  birth,  sometimes  in  considerable  quan- 

%f  in  the  liver,  and,  less  often,  the  spleen.     Hon -nucleated  red  cells 

to  appear  soon  after  the  first  month  of  fcetal  life,  and  gradually 

ease,  so  that  at  the  fourth  month  they  form  oue-foai-th  of  the  whole 

it  of  colored  corpuscles}  at  the  end  of  ftetul  life  they  almost  com- 

el3'  replace  the  nucleated  cells.     In  late  foetal  life  the  red  cells  are 

led  in  almost  the  same  way  as  in  extra-uterine  life. 

I  Various  theories  have  prevailed  as  to  the  mode  of  origin  of  the  hob- 
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»,  liDL— ltultlf»tlniUnn  iit  the  titji^lt'&Uxi  rM  corpUMrles.    Mnrmw  of  joynf?  IcMten  after  blfH^lIng, 
luu7<.iktrH'il«'  flHtittMii  of  ^TjUiroblaHt,  and  below  liit*  fi^rmaUon  of  iiiiitun;'  fnaii  Imma* 

itB.     ♦Adii|iU'd  fmiii  UoWf^l!,) 

__.    111.— i*howa  llii''  way   In    whtrh   Ibe   nucleus   i*ntipea   Trom   tbf    tiurlpatol   red    *'onnjsi'le«. 

[_rlnniiifcnntf  hU^nl  ♦T  iin  ttdult  riu.  t>li»<l  four  tlUK**  ;  it.  iJi^K*t'lm*^n  fn>wi  ihe  rin'utnth»|7  bJitod  of 
rty  <la>»  oi*^*  bl<et!  t^vlrt- ;  f,  •■[jt'i  lineup  frijin  Hit-  bitwxl  of  ti  fa^uU  t'al.  9 em.  hmg,    inliers  tmm 
_f0t  mn  mtiuli  nil.  i^Mmi  th*-  lly^im's  »howiiijr  thtt  Jifmnuleit  prt^f  nt  In  ihe  ccrriuBrlew.  vihivh 
rifkleirprvl^  ernjurijusty  lus  u  si^u  uf  Uit^  ilbliiLeKruUon  of  ibe  uucleun-     (AtU-r  Huw^U.) 

ate<l  colored  corpuscles.  For  a  time  it  was  thought  tliat  they  were 
■doglobular  origin,  and  merely  fragments  of  some  original  cell,  being 
need  by  subdivision  of  the  cell  body  itself      This  theory  easily  ac 

td  for  the  absence  of  the  nuclei,  but  it  has  not  been  supported  by 
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recent  investigations.  At  present  it  is  the  general  belief  that  the 
nucleated  cells  are  derived  from  nucleated  cells  by  a  process  of  mitol 
division,  and  fuiiiher  that  their  nuclei  gradually  shrink  or  fade  and  i 
then  extruded.  Extrusion  undoubtedly  occurs  with  great  frequencjil 
the  use  of  some  of  the  more  i-ecent  stains  seems  to  prove  that  there  i 
traces  of  nuclear  material  in  the  non-nucleated  corpuscles.  Oving 
these  facts  and  other  recent  hivestigations,  Maximow  asserts  that  whi 
the  greater  part  of  the  nucleus  is  extruded,  still  a  small  portion  m 
remains  in  a  hnely  granular  form  and  gives  a  basic  staining  qoalitj 
the  centres,  especially  of  the  young  red  cells. 

Origin  of  the  Mature  Colored  Corpuscles. — It  has  ahoi 
been  shown  that  during  uterine  life  the  marrow  gradually  assumes 
and  more  completely  the  function  of  forming  red  cells.  This  fonctii 
prevails  after  bii-th,  and  most  authorities  now  regard  the  red  marrow 
the  exclusive  seat,  under  normal  conditions,  of  the  production  of  red 
puscles.  The  original  cell,  or  ert/throblast,  is  generally  considered  ta 
a  large  colorless  cell  which  is  devoid  of  hsemoglobin,  is  larger  than 
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Fig.  142.— Coloivd  nucleftted  corpuscles,  from  tlie  red  marrow  of  the  Rulnea-piir.   (E.  A.  SdittB) 


ordinary  red  cell,  and  has  a  single  nucleus  but  no  nucleolus;  it 
but  very  slightly  from  the  original  mesoblastic  cell. 

By  mitotic  division  of  these  original  cells  there  are  derived 
series  of  cells  which  api)roach,  more  and  more  completely,  the  type 
nucleated  red  corpuscles,  becoming  rich  in  haemoglobin.  The  nudeni^ 
then  extruded  (or  partly  extruded  and  partly  broken  up)  and  the  ni 
non-nueleated  red  corpuscle  results.  A  few  authorities,  however,  in  tnl 
ing  the  red  cells  baek  to  colorless  cells,  think  that  all  the  lymphoid 
sues  are  also  i)robable  sources  of  the  erythroblasts.  In  infancy  and 
childhood  the  red  marrow,  which  produces  the  colored  corpuscles,  isfoi 
in  large  amount  in  the  cavities  of  almost  all  the  bones.  In  adult  lift 
is  normally  confined  to  the  ribs,  flat  bones,  vert-ebrae,  and  upper  and  lo* 
thirds  of  the  long  bones.  In  pathological  conditions  it  has  been  foK 
that  the  spleen  in  the  adult,  or  both  the  spleen  and  the  liver  in  infcl 
and  early  childhood,  can  resume  the  function  of  producing  red  corposdl 

Without  doubt,  the  red  corpuscles  have,  like  all  other  parts  of  1 
organism,  a  tolerably  definite  term  of  existence,  and  in  a  like  manner 
and  waste  away  when  the  portion  of  work  allotted  to  them  has  beenp 
formed.  Neither  the  length  of  their  life,  however,  nor  the  fashioa 
their  decay  has  been  yet  clearly  made  out.  It  is,  however,  probable 
the  red  blood-cells  are  short-lived,  owing  to  their  lack  of  a  nucleus. 
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II,  the  farmation  of  bile  being  constant  and  its  pigments  being  derived 

haBinoglobin  (hseniatoidin),  there  must  be  a  continuous  disintegra- 

I  of  the  ivd  cells,  which  probably  takes  place  thiougliout  the  circula- 

Althuugh  the  sj>leen  has  luen  considered,  the  jdace  of  disintegra- 

i  of  red  blo<nl-corpuscies,  it  must  be  of  uiiiior  importance,  as  there 

us  to  lie  no  increase  of  hiemughibin  in  the  blood  of  the  splenic  vein. 

Origin  of  the  Colorless  Corpuscles. — lu  foetal  life  the  white 

clea  are  not  found  iu  the  blood  until  the  vascular  system  has  been 

extensively  developed,  long  after  the  apiieanuice  of  red  cells;  the 

ct  time  of  their  a[»pearancej  however,  has  not  yet  been  fully  deter- 

Hed,     It  is  now  quite  generally  believed  that  iu  the  foetus  both  red  and 

[Cells  are  derived  fiom  a  comujon  origin,  and  tliat  they  liecome  dif- 

atted  in  the  course  of  development      The  earliest  known  progeyitora 

leucocytea  are  the  primary  wandering  cells  of  mesodermal  origin, 

are  found  chiefly  in  tlie  connective  tissues,  thus  lying  outside  of 

&ls.     Gathering  in  groui)S,  partly  at  the  sites  of  the  future  lymph 

a,  but  chiefly  in  the  embi-yonal  liver,  these  wandering  cells   pass 

jh  sevei-al  genei-ations  of  mitotic  division,  and  thus  gradually  as- 

the  type  of  leucocytes.     According  to  a  few  observers  the  leuco- 

I  are  also  formed  in  the  circulating  blood  and  lymph  by  amitotic,  less 

itly  by  mitotic,  division.     Later  on  in  foetal   life  the  function  of 

Bg  leucocytes  is  gradually  transferred  from  the  liver  to  the  lymphoid 

i  adenoid  tissues,  i.t'.,  the  lymph  nodes,  spleen,  maiTOW,  and  thymus. 

[in  adult  life,  under  normal  conditions,  the  leucocytes  are  formed  only 

he  l^Tnphoid  tissues,  including  the  lymph  nodes,  spleen  and  marrow. 

process  is  also  one  of  mitotic  di^'ision  (a  few  authorities  claim  that 

\  amitotic),  and  the  resulting  cells  pass  into  the  circulation  by  way  of 

i  thoracic  duct. 

Diffusion r  Osmosis^  Dialysis. — The  tenn  diffusion  has  been  long 
blied  to  the  regular  mixing  of  the  molecules  of  two  gases  when  brought 
►  contact  iu  a  coiitiued  sjiace,  this  interpenetration  bt^ing  due  to  the  to- 
hfro  movements  of  their  molecules.     More  recently  it  has  been  applied 
he  uiixiug  of  the  molecules  of  two  solutions  when  brought  into  con- 
,  as  it  has  been  found  that  they  act  in  the  same  way  and  obey  the 
laws  as  gases»     If,  however,  the  two  solutions  are  separated  by  a 
lie,  penneable  to  the  solntious,  diif  nsion  w'ill  still  occur.     To  this 
diffusion  the  terms  Osmosts^  in  the  case  of  water,  ami  Dialf/siSf 
me  of  diffusable  substances,  have  been  applied.     All  bodies  can 
iirided    into  two  groups,   cn/ziUfihith   and  mflottis.     To  the  former 
ip  lielong  bodies  having  a  crystalline  form.     All  such  bodies  are  dif- 
Ue  (dialy sable) ,  their  power  of  dialysis,  however,  varying  consider- 
To  the   second  group  belong  su<™h  bodies  as  have  no  crystalline 
(amorphous).     These  ai*e  generally  bodies  with  a  large  molecule. 
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and  are  only  slightly  or  not  at  all  diff usable.  An  ezoeptioQ  to  this  i 
ond  group  is  haemoglobin  whicli  has  a  crystalline  form  and  is  dififoaal 
The  following  may  serve  as  simple  illustrations:  Take  a  jar  anddividi 
in  two  equal  parts  by  an  animal  membrane  (M,  fig.  143)  and  pUoe 
equal  aiuount  of  distilled  water  in  the  two  sides,  A  and  B,  Now,  n 
the  molecules  of  water  act  like  those  of  a  gas,  and  are  continually  mat 
to  and  fro,  bombarding  all  the  surfaces  of  their  retainer,  the  molecolei 
water  in  A  and  B  will  be  continually 
striking  all  the  surfaces  of  A  and  B  ; 
but  since  the  membrane  is  permea- 
ble to  the  water  molecules,  there  will 
be  a  continual  interchange  of  mole- 
cules between  ^  an  ^.     If  now,  in 
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one  side  (A  )  we  place  a  solution  of  sodium  chloride,  still  keeping  wata 
By  the  membrane  being  permeable  to  the  sodium  chloride,  the  first  tb 
we  should  notice  would  be  an  increase  in  the  amount  of  water  in  A.  1 
inerly  it  would  have  been  said  that  '^  the  salt  had  attracted  the  wall 
Now  we  should  say  that  the  salt  had  a  certain  osmotic  pressure.  ' 
salt,  however,  being  able  to  pass  (dialyse)  through  the  membrane,  ^ 
do  so,  and  this  will  continue  until  the  strength  of  the  two  salt  solutifl 
and  therefore  the  osmotic  pressure  on  both  sides,  is  equal. 

Osmotic  Pressure. — If  now  in  A  we  place  a  solution  of  M 
soluble  colloidal  substance  to  which  the  membrane  is  impermeabki 
else  replace  the  membrane  (M),  we  used  in  our  former  experimentbji 
which  is  not  permeable  to  the  sodium  chloride,  and  arrange  our  jar  ai 
tig.  144,  so  as  to  be  able  to  read  off  any  increase  of  water  which  mayp 
into  Ay  we  will  notice  that  the  amount  of  water  liquid  in  A  will  contil 
to  increase  up  to  a  certain  point.  Once  that  point  is  reached,  there  \ 
be  no  further  change,  since  the  substance  in  solution,  in  Af  cannot  I 
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jNlgh  the  membrane  as  in  the  previous  example.  This  presstii-e  can  be 
iWiired  and  expressed  in  millinieties  of  mercury.  It  is  constant  for  all 
itious  of  this  substance  of  the  same  concentration  under  like  con- 
ions  of  temperature  and  pressure,  and  is  called  the  Osmotic  pressure  of 
i  solution. 

l^muerous  explanations  regarding  the  nature  of  osmotic  pressure  have 
n  given,  but  as  yet  none  have  been  found  perfectly  satisfactory.  A 
pie  one,  and  one  that  can  be  easily  unilt^rstood,  is  as  follows:  In  tig. 
one  surface  of  our  membrane  is  being  bombarded  by  the  molecules  of 
non^liffusable  substance  mixed  with  thuse  of  a  diffusa ble  one  (water), 
water  is  able  to  diffuse  out,  since  less  gets  to  the  surface  of  themem- 
ne.  The  other  surface,  being  bombarded  entirely  by  water  molecules, 
mita  all  of  these,  whicli  reach  it,  to  pass  through.  Osmotic  pressure 
be  estimated  in  several  different  ways  in  addition  to  the  above,  viz., 
deteiinination  of  the  freeziug  point  of  the  sohition,  determination  of 
boiling  point,  determination  of  the  electrical  coudoctivity.  The  re- 
ts obtained  with  the  vaiious  methods  agree  very  closely. 
The  following  solutions  have  the  same  osmotic  pressure:  Sodium 
oride,  0,64  per  cent;  potassium  nitrate,  1.09  jjcrcent;  sugar,  o.o  per 

Such  solutions  are  called  taoffmic  to  each  other. 
Isotonic  Solutions. — The  term  isotonic  is  a  relative  one,  implying 
a  certain  ablutinu  is  of  the  sameosnuitic  3>resstire  as  some  other  solu* 
,  taken  as  a  standard.     In  physiology  it  has  l>eeu  custuniaiy  to  take 
«wl  plasma  as  a  standard.     A  solution  of  0.G4  per  cent  sodium  cblo- 
ia  isotonic  for  the  blooii  of  the  frog,  aud  a  0.85  per  cent  one  for  tliat 
ttn.      Further,  any  solution  which  is  of  a  lower  osuiutic  pressure  than 
Staiidard  solution  is  said  to  be  hijpmsotimie  (ht/j/otonir)  in  relation  to 
soltition.     A  solution  of  a  higher  osmotic  pressure  is  said   to  be 
rijiftfonk  {htjpertottir),     Tlie  following  may  be  taken  as  an  example 
.j-poisotonic  and  hyperisotonic  solutions:  If  a  hypotonic  solution  be 
Jed  with  blood,  water  from  the  hypotonic  solution  passes  through  the 
membrane  of  the  red  corpuscles  into  the  stroma,  and  causes  it  to 
II.     The  haemoglobin  at  the  same  time  passes  out  and  goes  into  solu- 
iii  the  diluted  plasma.     On  the  other  hand,  the  addition  of  a  hyper- 
,c  sob  it  ion  to  the  plasma  causes  the  red  corpuscles  to  luse  their  water 
become  crenated.     The  principles  of  osmosis  have  been  derived  from 
irtioti  of  substances  separated  by  deatl  animal  or  plant  uicndiraries. 
St  be,  however,  remembered  that  in  the  apiilicatiou  of  these  ])rin- 
to  processes  occurring  in  the  living  organism,  tlie  cells,  fornnng 
Twioaa  membmnes,  are  an  imjiortant  modifying  factor.     It  is  prob- 
that  physico-chemical  processes,  u(!Ciirring  in  the  i>rotoplasm  of  the 
I  may  change  its  permeability  to  the  same  substance  at  different  times. 


CHAPTER  TL 

THE  CIRCULATION  OF  THE  BLOOD. 

The  blood  is  made  to  circulate  within  the  system  of  closed  tabei  I 

which  it  is  contuitied  by  meaDS  of  the  ulternate  contniction  and : 
tioa  of  the  heiirt.     The  heart  is  a  hollow  muscukr  or|ran  coneistifigj 
four  chambers,  two  auricles  and  two  ventriclei?,  arranged  in  pairs. 


PulmoiiAi?  artery  — 


fiupertor  cava  or  Tein 
from  bead  and  ti«ek 

Rl^ht  auricle 
Inferior  veoa  cavu 

Blgfat  Ttsotrlcle  ..^ 


Art^rie«tot 


Leftatrnde 


L^-ft  TeutoridB 


Portal  cincuJatlotJ  _ 


Qa^trlo  and  Lota 
veaadls 


Second  rennl 
clrculatit>u 


_Fint  reoal  c 


.Sjstcmiee 


FJjt-  145,— Diagram  ui  lIjc  ctrcyt&lloti. 

the  right  and  left  sides  is  an  auricle  joined  to  and  conimunicatin^  ^ 
a  ventricle,  but  the  chamberB  on  the  right  side  do  not  directly  comil 
nicate  with  those  on  tlie  left  side.     The  lilood  is  conveyed  away 
the  left  side  of  the  heart  (us  in  the  diagram.,  ^g.  145)  by  the  arU 
and  returned  to  the  right  side  of  the  heart  by  the  veinSf  the  arter 
Teins  being  continuous  with  each  otlier  at  one  end   by  nneAins  or 
heart,  and  at  the  other  by  a  line  network  of  vessels  called  the  capiUar 
From  the  right  side  of  the  heart  the  blood  passes  to  the  la 
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ODgh  the  pulmonary  artery,  then  througli  the  pnlmonary  capillaries, 

,  through  the  pulmonary  veins  to  the  left  side  of  the  heart  (Fig*  145). 

there  are  two  circulations  throngh  which  the  blood  jnust  pass;  the 

dCt  a  shorter  circuit  from  the  right  side  of  the  heart  to  the  lungs  and 

lek again  to  the  left  side  of  the  heart;  the  other  and  larger  circuit, 

,  the  left  side  of  the  heart  to  all  parts  of  the  body  and  back  again  to 

right  side;  strictly  speaking,  however,  there  is  but  one  complete 

ttlation,  which  may  be  diagram matically  represented  by  a  double 

p,  as  in  fig.  145,  in  which  there  is  one  continuous  stream,  the  whole 

(vhich  must,  at  one  part  of  its  course,  pass  through  the  lungs.     Snb- 

aate  to  the  circulations  through  the  lungs  and  through  the  system 

iieially,  respectively  named  the  Pulmonary  and  Systemic,  it  will  be 

ptiQed  also  in  the  same  figure  that  a  portion  of  the  stream  of  blood 

ag  been  diverted  once  into  the  capillaries  of  the  intestinal  canal, 

Bome  other  organs,  and  gathered  up  again  into  a  single  stream,  is  a 

[)nd  time  divided  in  its  passage  through  the  liver,  before  it  finally 

2hes  the  heart  and  completes  a  revolution.     This  subordinate  stream 

rough  the  liver  is  called  the  Portal  circulation.     A  somewhat  similar 

eessory  circulation  is  that  through  the  kidneys,  called  the  Renal  cir- 

itioD.     Such  then  is  the  outline  of  the  course  of  the  circulation, 

ke  problems  in  connection  with  its  maintenance  cannot  be  well  under- 

without  a  more  detailed  knowledge  of  the  structure  and  mode  of 

ion  of  the  heart,  and  of  the  structure  and  properties  of  the  blood- 

sl&     These  subjects  will  now  be  considered  seriatim. 

The  Heart. 

The  he«rt  is  contained  in  the  chest  or  thorax,  and  lies  between  the 

jht  and  left  lungs  (1^g,  14G),  inclosed  in  a  membranous  sac^the  Peri- 

ium,  which  is  made  up  of  two  distinct  parts,  an  external  fibroua 

ibrane,  composed  of  closely  interlacing  fibres,  which  has  its  base 

thed  to  the  diapliragm  or  midriff,  the  great  muscle  which  forms  the 

or  of  the  chest  and  divides  it  from  the  abdomen— both  to  the  central 

ion  and  to  the  adjoining  muscular  fibres,  while  the  smaller  and 

pper  end  is  lost  on  fche  large  blood-vessels  by  mingling  its  fibres  with 

it  of  their  external  coats;  and  an  inl&r nai  BeroiiB  layer,  which  not  only 

;  the  fibrous  sac,  but  also  is  reflected  on  to  the  heart,  which  it  com- 

Hely  invests.     The  part  which  lines  the  fibrous  membrane  is  called 

\paneial  layer,  and  that  inclosing  the  heart,  the  viitcerai  layer  or  ept- 

fdium^  and  these  being  continuous  for  a  short  distanco  along  the  great 

els  of  the  base  of  the  heart,  form  a  closed  sac,  the  cavity  of  which  in 

lib  contains  just  enough  fluid  to  lubricate  the  two  surfaces,  and  thus 

I  enable  tbeni  to  glide  smoothly  over  each  other  during  the  movements 

(the  heart.     The  vessels  passing  in  and  out  of  the  heart  receive  in- 

3ta  from  this  sac  to  a  greater  or  less  degree. 
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The  heart  is  Biinated  iii  the  chest  behind  the  sternum  md  ' 
cartilages^  being  placed  obliquely  from  right  to  left,  quite  lwo-thirdi< 
it  being  to  the  left  of  the  niid-steraal  line.     It  is  of  pyramidal  i 
with  the  apex  pointing  downward,  outward,  and  toward  the  lefl,izidl 
bane  backward,  inward,  and  toward  the  right.     It  re^ts  apon  the( 
phragm,  and  its  pointed  apex,  formed  exclnsively  of  the  left  side  of  I 
hearty  is  in  contact  with  the  chest  wall,  and  during  life  beats  agninBtj 
at  a  point  called  the  apex  beaf,  situated  in  the  fifth  left  inten 
space,  and  about  three  inches  from  the  mid-sternal  line.     The  hmrii 
as  it  were,  suspended  in  the  chest  by  the  large  vessels  which  pn 
from  its  base,  but,  excelling  at  this  part*  the  organ  itself  lies  freewid 
the  sac  of  the  pericardium.     The  part  which  rests  upon  the  diapli 


FultDoiittrT  ftftenr 


Leftluns 


Omptira^m 


OrjMBI 


Fte.  140.— VJ«w  of  heart  and  lunjfs  In  hMu.    The  frvint  portion  of  the  ^ 
tarUtal  kyer*  of  tbe  plpurai  mid  perieat'dluiii  bave  ittsiu  rt^mored.    ' 


is  flattened,  and  is  known  as  the  posferior  surface,  while  ^%:;.>^  fi-^e  a 
part  is  called  the  anieriof  surface.  The  margin  toward  tJ'Vj:^  i  ft  is  ^^ 
and  obtuse,  while  the  lower  mtirgin  toward  the  right  is  t^Vrx  *  di 

On  examiuutiou  of  the  external  surface  the  division   c::;:^^ 
parts  which  correspond  to  the  chambers  inside  of  it  1^^:^*%^ 
a  deep  tmnsverse  groove  called  the  attricniiy-ventri'-  - 
the  auricles  wbieli  form  the  base  of  the  heart  fro»-  ' 
form  the  remainder*  including  the  apex,  the  i 
by  far  the  greater;  and,  again,  the  inter-irntr 
the  ventricles  both  front  and  hack,  iind  sepai 
The  anterior  groove  is  nearer  the  left  mff 
the  right,  as  the  front  snrfa«-o  t.f  the  ? 
right  ventricle  and  the  p^*             surfi 
^ i_i ■ 
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r  grooves  run  the  coronary  yessels,  which  supply  the  tissue  of 
[with  blood,  lis  well  as  nerves  and  lymphatics  imbedded  in 

futty  material. 

Chambers  of  the  Heart.— The  interior  of  the  heart  is  divided 
idinal  partition  in  snch  a  manner  as  to  form  two  chief  cham* 
ities — right  and  left.     Each  of  these  chamberB  is  again  sub- 


1  f  Aiirlf"!**  and  ventriele  opeoecU  and  a  port  of  their  rigrtit  and  anterior  walls 

■  ■  '  -rior.    14— U  8in.*erlor  v*?nft  cava  ;  2,  Inferior  veua  caiva  ;  H',  hepatic 

:  ii\  pliicvfJ  \u  Lhe  frjefsa  oviili^,  b€-low  wtili^h  i»  tbe  Eustachian  vaJire ; 

ire  of  tliF*  conTiiarv  vein  ;  +,  +,  plat't^J  in  tbo  atjrieijl(>-ventric'ular 

I   1   I     r  I  h^^  til  uneni  walk  of  the  nurii-k'  and  vi'ntricle  htm  Uvn  [nviervecl; 

'I' I'  I      Ml.     JM^^T  fijifurt'  l«  ininii.HJjat^ly  l>eK>w  ih*.^  wmiluiiar  valves  ;  4', 

i  1     !;     is  ,  r,,  r.     *',  tru-uHitma  valve;  rt,  iilacetl  in  riie  Interior  of 

If  v»'-JiL4  having  been  remov«5(i,  aiid  a  ojUTOw 

-'t-rni lunar  valvee  are  actacbt'd  ;  7,  coucavitir 

ofitifi  ■  8,  aHce&dkiK  part  or  fitnus  of  the  arcm 

ami  pulmonary  artery  ;  l*^  placed  brttweeia 

I  tilt*  left  oiuid© ;  11, 11,  outaido  of  the  left 

>ooO 


and  a  lower  portion,  called  respect- 

ioned,  auricle  and  ventricle,  which 

^;  the  aperture  of  communication, 

spoBcd  as  to  allow  blood  to  pass 

?le,  but  not  in  the  opposite  direc- 
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tion.  There  are  thus  tour  cavities  in  the  heart — the  auricle  and  renH 
cle  of  one  side  being  quite  separate  from  those  of  the  other  (fig.  UT). 
liighl  Aurtele, — The  right  auricle  is  situated  at  the  right  part  of  I 
base  of  the  heart  as  viewed  from  the  front.  It  is  a  thiu-wa])ed  < 
of  more  or  lees  cpadrikteral   shape,  prolonged  at  one  comeir  iatfOi 


Ttr,  14flL— Tlie  left  fturtcle  and  reDttiele  oTwncd  and  A  piJt  of  tbelr  antertor  «M  lift  1 
mowed.    W — The  jm]nion»ry  «rt*-r>'  bus  twjirn  rfi^idt^l  at  Its  i  oiiim«Dc«imeDt ;  the  opeoing  I 
left  Teutneltt  is  rArniHl  a  t^liort  distaiicf  Likto  thf  aorta  tK^twc^n  two  of  the  MgoioitB  of  the  Ml 
valTee  ;  adiI  Ibe  Left  part  of  tht*  auricle  with  Its  ufii>euilJx  hoA  \mvu  removed.    The  right  i 
out  of  idew.    1,  The  t  w*>  ri(f  ht  pnhiion»ri,'  veins  cut  »hort  :  their  op*:^iiin|p!i  are  Been  withiu  tliei 
1',  piaoed  wltMo  the  cavity  of  thv  auricle  on  the  left  ^ide  of  the  septum  and  on  the  part  nhiAt 
the  remalftftof  thv  valve  of  the  foraiiu*u  ovale,  of  which  the  cre»centio  fold  is  aeeii  t<y««rd  I 
hand  of  r  ;  2,  a  narrow  portion  of  the  wall  of  the  aurklt^iiud  veotricle prewrved  round ttol 
vetitricuhu*  orlflou ;  3»  8%  tins  cut  luirface  of  tlie  wallfl  of  the  veotriele,  se«n  to  beoam*  t 
thiaoer  towardBS',  at  th«  apex  ;  4,  a  amall  part  of  the  anterior  wall  of  the  left  veotrloto  i 
be^i  prenrvod  with  the  principal  anterior  colunmu  i-arBea  ar  mu^uius  papUlarlla  attacl 
£,  fi,  mutacull  papU  lares ;  a\  the  left  nfde  of  the  H4.'ptiin9,  tier  wee  u  the  tvro  ventriclea,  wUliititi 
of  the  left  ventricle ;  \^\  the  niltrat  valve  ;  7„  placed  in  th«  Interior  of  the  aorta  near itac 
meut  and  alx>ve  the  three  isejfTnenta  of  it«  semilunar  valvf  which  are  hati^ii](j:  lix«e|y  to^ 
the  exterior  of  the  irreat  aortic  ^inus  :  H,  the  rout  of  the  pulmonary  arter>'  and  iis  semilunari 
8',  the  separated  portion  of  the  pulmooan'  artery  reniainhif^  attachc'd  to  the  aorta  by  9,  the  I" 
the  duetAjfl  mierio6ii»  :  u\  the  arteries  riafujif  from  tlie  suminit  of  the  aortic  arch.    { Alien  T"  " 


tongue-shaped  portion,  the  right  auricular  fipjoewfltic,  which  slightly  0 
laps  the  exit  of  the  great  artery,  the  aortti,  from  the  heart* 

The  interior  is  smoothj  being  lined  with  the  general  lining  of  1 
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the  endocardium y  and  into  it  open  the  superior  and  inferior  Tenae 

,  or  great  veins,  which  convey  the  hlood  from  all  parts  of  the  body 

lihe  heart.     The  former  is  directed  downward  and  forward,  the  latter 

rd  and  inward ;  between  the  entranfjes  of  these  vessels  is  a  slight 

ercle  called  tubercle  of  Lower.     The  opening  of  the  inferior  cava  is 

cted  and  partly  covered  by  a  membrsine  called   the   Eudachian 

In  the  posterior  wall  of  the  aoricle  is  a  slight  depression  called 

oralis,  which  corresponds  to  an  opening  between  the  ri^ht  and 

auricles  which  exists  in  fu^tal  life.     The  right  auricnhir  appendix  is 

oral  form,  and  admits  three  fingers.     Various  veins,  including  the 

ronary  sinuis,  or  the  dilated  portion  of  the  right  coronary  vein,  open 

this  chamber.     In  the  appendix  are  closely  set  elevations  of  the 

cular  tissue  covered  with  endocardium,  and  on  the  anterior  wall  of 


1%.  t49.—TTvavent  aecUon  of  bullock's  heart  In  a  fttAte  of  cadAverrc  rUri<iity. 
6,  Cavity  of  right  ventrjclo.    a.  Cavity  of  left  votitricle. 


(D&ltcmJ 


[  snricle  are  similar  elevations  arranged  parallel  to  one  another,  called 

til  pectinaii, 

Jtiffhi  Veni ride, ^-The  right  ventricle  occopies  the  chief  part  of  the 

srior  surface  of  the  heart,  as  well  as  a  small  part  of  the  posterior 

ce;  it  forms  the  right  margin  of  the  heart.     It  takes  no  part  in 

formation  of  the  apex.     On  section  its  cavity,  in  consequence  of  the 

croachment  upon  it  of  the  septum  ventriculorum,  is  semilunar  or 

entic  (fig,  149);  into  it  are  two  openings,  the  aurieulo-ventricnlar 

base  and  the  opening  of  the  pulmonary  artery  also  at  the  base, 

lore  to  the  left;  the  part  of  the  ventricle  leading  to  it  is  called  the 

'  arteriosus  or  infuudibitlum  *  both  orifices  are  guarded  by  valves, 

former  called  trimspid  and  the  latter  mmilmuir  or  sipnoid.     In 

^?entricle  are  also  the  projections  of  the  muscular  tissue  called  co- 

i  eamem  (described  at  length  p.  190)» 

'  L$ft  Auricle, — The  left  auricle  is  situated  at  the  left  and  posterior 

;  of  the  base  of  the  heart,  and  is  best  seen  from  behind.     It  is  f|uad' 

1,  and  receives  on  either  side  two  pulmonary  veins.     The  auricu- 

appendix  is  the  only  part  of  the  auricle  seen  from  the  front,  and 

fe€[ionds  with  that  on  the  right  side,  hut  is  thicker,  and  the  interior 

nore  smooth.     The  left  auricle  is  only  slightly  thicker  than  the  right. 

>  left  aariculo-ventricular  orifice  is  oval,  and  a  little  smaller  than 
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that  on  the  right  side  of  the  heart.  There  ie  a  slight  Testige  of 
foramea  between  the  auricleB,  which  eikts  in  fcptal  life,  on  the  Bep 
between  them. 

Left  Veniride, — Though  taking  pnrt  to  a  companitivelj  slight  i 
tent  in  the  anterior  gurface>  the  left  ventricle  occupies  the  chief  part  i 
the  posterior  surface.     In  it  are  two  openings  very  close  together,  1 
the  auriculo- ventricular  and  the  aortic,  guarded  by  the  Talvea 
apondiog  to  those  of  the  right  side  of  the  hearty  vis.  the  bicuspidi 
mtirai  a,nd  thi^  .sfmihtnar  or  i<ifpntn(L     The  first  opening  is  at  thel 
and  back  piirt  of  the  ba^e  of  the  ventricle,  and  the  aortic  in  front i 
tow^ard  the  right.     In  this  ventricle,  as  in  the  right,  are  the  eolumi 
cjirneae,  which  are  smaller  but  more  closely  reticulated.     They  are  chief! 
found  near  the  apex  and  along  the  posterior  wall.     They  will  be  ag 
referred  to  in  .the  description  of  the  valves.    The  waUs  of  the  left  ve 


Wim.  IGO.— 19etworlc  of  muaeulnr  fibres  from  the  beart  of  «  fAg.    The  nuclei  of  tlK»  muscle 
cles  &re  well  iJiovm,     x  4fiO.     (lOeln  «nd  Ifobto  Smith.} 

tricle,  which  are  nearly  half  a!i  inch  in  tliickness,  are,  with  the  eicep 
tion  of  the  apex,  twice  or  three  times  as  thick  as  those  of  the  right* 

Capacity  of  the  Chambers,— during  life  each  ventricle  is  cap 
of  containing  about  four  to  six  ounces  (about  180  grms.)  of  blood. 
capacity  of  the  auricles  after  death  is  rather  less  than  that  of  the^ 
tricles:  the  thickness  of  their  walla  is  considerably  less*     The 
condition  is  adapted  to  the  small  amount  of  force  which  the  an 
require  in  order  to  empty  themselves  into  their  ail  joining  ventr 
the  former  to  the  circumstance  of  the  ventricles  being  partly  filled ' 
blood  before  the  auricles  contract. 

Size  and  Weight  of  the  Heart.— The  heart  is  about  5  ino 
long  (about  l!?.G  cm.),  3^  inches  (8  cm,)  greatest  width,  and  2i^  ino 
(G.3  cm.  )  in  its  extreme  thickness.     The  average  weight  of  the  bea 
the  adult  is  from  n  to  10  ounces  (about  300  grras.);  its  weight  grad^ 
increasing  throughout  life  till  middle  age;  it  diminishes  in  old  iigei 

Structure, — The  walls  of  the  heart  are  coustrncted  almost  entin 
of  layers  of  muscular  fibres;  but  a  ring  of  connective  tissue,  to  wli 
some  of  tbe  muscular  fibres  arc  attached,  is  inserted  between  each  aO 
cle  and  ventricle,  and  forms  the  boundary  of  the  auriculO'Veniricuh 
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ing.     Fibrous  tiseue  also  exists  nt  the  origins  of  the  pulmonary 

7  and  aorta. 

'he  muscular  fibres  of  each  auricle  are  in  part  continuous  with  those 

le  other,  and  partly  separate;  and  the  same  remark  holds  true  lor 

rentricles.     The  fibres  of  the  auricloa  are,  however,  quite  fleparato 

,  those  of  the  ventricles,  the  bond  of  connection  between  them 

I  only  the  fibrous  tissue  of  the  auriculo-ventricukr  openings. 

'he  minute  structure  of  the  striated  muscular  fibres  of  the  heart 

leen  already  described  (p.  88). 

!odocardium,-~A8  the  heart  is  clothed  on  the  outside  by  a  thin 

parent  layer  of  pericardium,  so  its  cavities  are  lined  by  a  smooth 


Wfg*  151.— Diagram  of  the  drculailon  through  the  heart  CDalton). 

ttuning  membrane,  or  endocardiumf  which  is  directly  eon  t  inn  one 
the  internal  lining  of  the  arteries  and  veins.  The  endocardium  is 
oeed  of  connective  tissue  with  a  lurge  admixture  of  elastic  fibres; 
m  its  inner  surface  is  laid  down  a  single  tesselated  layer  of  flat- 
.  endothelial  cells.  Here  and  there  unstriped  muscular  fibres  are 
times  found  in  the  tissue  of  the  endocardium. 
alves. — The  arrangement  of  the  heart's  valves  is  such  that  the 
can  pass  only  in  one  direction  (fig.  151). 

he  tricuspid  valve  (o,  fig.  147)  presents  three  principal  cusps  or  sub- 
ons,  and  the  mitral  or  hkuspld  valve  has  two  such  portions  (0,  fig. 
But  in  both  valves  there  is  between  each  two  principal  portions 
Her  one;  so  that  more  properly,  the  tricuspid  may  be  described  as 
iting  of  six,  and  the  mitral  of  four,  portions.     Each  portion  is  of 
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ing  portions^  so  as  to  form  an  annular  membrane  around  the  aorii 
ventricular  opening,  and  is  fixed  to  a  tendinous  ring  which  endiclei 
orifice  between  the  auricle  and  ventricle  and  receives  the  insertioDi 
the  muscular  fibres  of  both.  In  each  principal  cusp  may  be  di 
guished  a  central  part,  extending  from  base  to  apex,  and  including  il 
half  its  width.  It  is  thicker  and  much  tougher  than  the  border 
or  edges. 

While  the  bases  of  the  cusps  of  the  valves  are  fixed  to  the  ten( 
rings,  their  ventricular  surface  and  borders  are  fastened  by  slender 
dinous  fibres,  the  chordce  tendinefB,  to  the  internal  surface  of  the  wafli 
the  ventricles,  the  muscular  fibres  of  which  project  into  the  veni 
cavity  in  the  form  of  bundles  or  columns — the  columnm  camea. 
columns  are  not  all  alike,  for  while  some  are  attached  along  their  wl 
length  on  one  side,  and  by  their  extremities,  others  are  attached 
by  their  extremities;  and  a  third  set,  to  which  the  name  muscuU 
lares  has  been  given,  are  attached  to  the  wall  of  the  ventricle  by 
extremity  only,  the  other  projecting,  papilla-like,  into  the  cavity  of 
ventricle  (4,  fig.  148),  and  having  attached  to  it  chordao  tendines. 
the  tendinous  cords,  besides  those  which  pass  from  the  walls  of  ihi 
ventricle  and  the  musculi  papillares  to  the  margins  of  the  valves,  then 
are  some  of  especial  strength,  which  pass  from  the  same  parts  to  tk 
edges  of  the  middle  and  thicker  portions  of  the  cusps  before  referred! 
The  ends  of  these  cords  are  spread  out  in  the  substance  of  the  val^ 
giving  its  middle  piece  its  peculiar  strength  and  toughness;  and 
the  sides  numerous  other  more  slender  and  branching  cords  are  gi^ 
off,  which  are  attiiched  all  over  the  ventricular  surface  of  the  adjaoM 
border-pieces  of  the  principal  portions  of  the  valves,  as  well  as  to  thos 
smaller  portions  which  have  been  mentioned  as  lying  between  each 
principal  ones.     Moreover,  the  musculi  papillares  are  so  placed 
from  the  summit  of  each,  tendinous  cords  proceed  to  the  adjacent  hall 
of  two  of  the  principal  divisions,  and  to  one  intermediate  or 
division,  of  the  valve. 

The  preceding  description  applies  equally  to  the  mitral  and  tri( 
pid  valve;  but  it  should  be  added  that  the  mitral  is  considerably  thickl 
and  stronger  than  the  tricuspid,  in  accordance  with  the  greater  foil 
which  it  is  called  upon  to  resist. 

The  semilunar  valves  guard  the  orifices  of  the  pulmonary  artery  i 
of  the  aorta.  They  are  nearly  alike  on  both  sides  of  the  heart;  but 
aortic  valves  are  altogether  thicker  and  more  strongly  constructed 
the  pulmonary  valves,  in  accordance  with  the  greater  pressure  whiB 
they  have  to  withstand.  Each  valve  consists  of  three  parts  which  are 
semilunar  shape,  the  convex  margin  of  each  being  attached  to  a  fibros 
ring  at  the  place  of  junction  of  the  artery  to  the  ventricle,  and  tl 
concave  or  nearly  straight  border  being  free,  so  as  to  form  a  little  poM 
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fa  watch-pocket  (7,  fig,  148).  In  the  centre  of  the  free  edge  of  the 
pb,  which  conttiins  a  fine  cord  of  fibrous  tissuOj  is  a  small  fibrous 
ele,  the  corpus  Arantii\  and  from  this  and  from  the  attached  bortler 

fibres  excend  into  every  part  of  the  mid  substance  of  the  valve, 
^pt  a  small  lunated  space  just  within  the  free  edge^  on  each  side  of 
corpus  Arantii.  Here  the  valve  is  thinnest^  and  composed  of  little 
re  than  the  endocardium.  Thus  constructed  and  attached,  the  three 
lUunar  pouches  are  placed  side  by  side  around  the  arterial  orifice  of 
h  ventricle,  which  can  be  separated  by  the  blood  passing  out  of  the 
itricle*  but  which  immediately  afterward  are  pressed  together^  so  as 
p-event  any  return  (6,  fig.  147,  and  7,  fig,  148).  This  will  be  again 
erred  to.  Opposite  each  of  the  semilunar  cusps,  both  in  the  aorta 
pulmonary  artery,  there  is  a  bulging  outward  of  the  wall  of  the 

lel:  these  bulgings  are  called  the  sinuMS  of  Valmlpa. 

Siruciure. — The  valves  of  the  heart  are  formed  essentially  of  thick 
of  closely  woven  connective  and  elastic  tissue,  over  which,  on 
part,  is  reflected  the  endocardium. 

The  Arteries, 

Distribution.^ — The  arterial  system  begins  at  the  left  ventricle  in  a 
[le  large  trunk,  tbe  aorta,  which  almost  immediately  after  its  origin 
off  in  the  thorax  three  large  branches  for  the  supply  of  tbe  head^ 
k, and  upper  extremities;  it  tlien  traverses  the  thorax  and  abdomen, 
ng  off  branches,  some  large  and  some  small,  for  the  supply  of  the 
bus  organs  and  tissues  it  passes  on  its  way.  In  the  abdomen  it 
lies  into  two  chief  branches,  for  the  supply  of  the  lower  extremities, 

art4?rial  branches  wherever  given  off  divide  and  subdivide,  until  the 
bre  of  each  subdivision  becomes  very  minute,  and  these  minute  ves- 

pass  into  capillaries.  Arteries  are,  as  a  rule,  placed  in  situations 
lected  from  pressure  and  other  dangers,  and  are,  with  few  exceptions, 
Ight  in  their  oourse,  and  frequently  communicate  (anastomose  or 
pcnlate)  with  other  arteries*  The  branches  are  usually  given  off  at 
icnte  angle,  and  the  areas  of  the  liranehea  of  an  artery  generally  ex- 

that  of  the  parent  trtjok,  and  as  the  distance  from  the  origin  is 

red,  the  area  of  the  combined  branches  ia  increased  also.  Alter 
arteries  are  usually  found  dilated  (not  collapsed  as  the  veins  are) 
empty,  and  it  was  to  this  fact  that  their  name  {apr^pia,  the  wind- 
)  was  giTen  them,  as  the  ancients  believed  that  they  conveyed  air 
lia  various  parts  of  the  body.  As  regards  the  arterial  system  of  the 
ps,  the  pulmonary  artery  is  distributed  much  as  the  arteries  belong- 
to  the  general  systemic  circulation. 

Structure. — The  walls  of  the  arteries  are  composed  of  three  principal 
termed  {a)  the  external  or  tunica  adventitia,  {b)  the  middle  or 
ica  media«  and  (c)  the  internal  or  tunica  intima. 
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(a)  The  miBmal  mat  or  tunica  admniiiia  (figs.  15S  and  153^  a\ 
strongest  and  tougheBt  part  of  the  wall  of  the  artery^  \b  formed 
areolar  tissue,  with  which  is  mingled  throaghout  a  network  of  ekal 
fibres.  At  the  inner  purt  of  this  outer  coat  the  elastic  network  formi 
most  arteries  so  distinct  a  layer  as  to  be  aometlmes  called  the  exien 
elastic  coat  (fig,  IbZ,  e). 

{b)  The  middle  coat  (fig.  153,  m)  is  composed  of  both  muscular 
elastic  fibres,  with  a  certain  proportion  of  areolar  tissue.     In  the  larg 
arteries  (fig.  153)   its  thickneee  is  comparatively  as  well  as  absolntd 
much  greater  than  in  the  small^  constituting,  as  it  does,  the  greater  pi 


) 


■^^ 


iliil 


Fig.  ISSL 


n«.  15*. 


FtK.  154 


Fig.  153.— Mitmre  mrtetj  ¥iew«d  In  Inn^ttttdtnal  smmIoo.  «.  Niid«at€4  efidoCbeUAl 
with  fmlmt  nuclei  lu  lumeci,  Jixikwi  e.t  from  abovtei :  i,  thin  elAsUe  tunica  InUmA  ;  m,  m\ 
or  tunica  media ;  a.  tunica  adventitial     iKlHn  and  Noble  Smith,  y     \  iM 

His,  103.— TranHverae  section  tliroufirh  a  larRt^  branch  of  the  inferior  meaetitaric  miterj 
e»  Btbdoibella]  mtMiiLirane  ;  i  tunica  flaRtJca  interna,  no  RubendotheHal  layer  la  seen ;  01, 1 
tuolea  ip«dta,  eontalnmf;  only  a  few  wavy  elastic  t\hre» ;  «■,  r,  ttjnica  elastic*  ertetna,  diridiiif 
madia  from  the  crmneetivn  tiame  advientftia,,  Oi,    tKleln  and  Nohle  8nttLhJ    X  9S0. 

FiK.  154.— MuflcuUir  flbre-csellii  from  himum  arteries,  magtOaed  3d0  diameten.    (KOIllkH'O 
Kucleuj.    &,  A  flbre-cell  treated  wttli  ftoetle  mdd, 

of  the  arterial  wall  The  muscular  fibres  are  unstriped  (fig.  154), 
are  arranged  for  the  most  part  transversely  to  the  long  axis  of  the 
(fig.  155,  m);  while  the  elastic  element,  taking  also  a  transverse  din 
tioGt  IB  disposed  in  the  form  of  closely  interwoTen  and  branching  fibw 
which  intersect  in  all  parts  the  layers  of  muscular  fibre.  In  arteries 
various  size  there  is  a  difference  in  ihe  proportion  of  the  muscular 
elastic  element,  elastic  tissue  preponderating  in  the  largest  arteries, 
unstriped  muscle  in  those  of  medium  and  small  size. 

{c)  The  internal  coat  is  formed  by  a  layer  of  elastic  tissuei  calh 
the  Jhiestmted  ('(ffti  of  Ihnle,     It  is  peculiar  in  its  tendency  to  curl 
when  peeled  oil  from  the  artery,  and  in  the  perforated  and  streaked 
pearance  wliich  it  presents  ruder  the  niicroacope.     Its  inner  surfaofi 
lined   with  a  delicate  layet*  of  eloogated  eudothelial  cells  {^g,  153, 
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make  it  smooth  and  pL>]]sbe<^1f  and  furnish  a  nearly  ioi permeable 

J.  along   which   the    blood    may  flow  with  the  smallest  possible 

^hf  resistance  from  friction. 

^■|h^ly  external  to  the  endotbelinl  lining  of  the  artery  is  £ue 

^^^Bisue,  the  ifub-ctidoihi'hai  hujeTy  with  branched  corpuscles. 

the  internal  coat  consists  of  three  parts,  {a)  an  endothelial  liniBg, 

B«xjb-endotbelial  layer,  and  (r.)  elastic  layers. 

M0   V€i$Qrum, — ^The  walls  of  the  arteries,  with  the  exception  of 

Endotbelltim. 

I  Sub-GndoiheliaJ.  lAy<er, 


Mlddlec 


^<^ 


-'     -NV* 


L—Traasrerie  section  of  amla  tbrooi^  fnterDol  «nd  «bcmt  h&lf  the  tBlddl€  coat. 


sthelial  lining  and  the  layers  of  the  internal  coat  immediately 

M't,  are  not  nourished  by  the  blood  which  they  convey,  but  are, 
T  parts  of  the  body,  supplied  with  little  arteries,  ending  in 
mes  and  veins,  which,  branching  throughout  the  external  coat, 
I  fur  some  distance  into  the  middle,  but  do  not  reaeli  the  internal 
These  nutrient  vessels  are  called  vasa  va^orum, 
I9T0«. — Most  of  the  arteries  are  eurrounJed  by  a  plexus  of  sympa- 
nefves,  which  twine  around  the  vessel  very  much  like  ivy  round 
:  aod  ganglia  are  found  at  frequent  intervals.  The  smaller  arter- 
I  alio  furrounded  by  a  very  delicate  network  of  aim iltir  nerve-fibres, 
of  which  appear  to  end  near  the  nuclei  of  the  transverBe  muscular 
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The  Capillaries. 

DMribntio}u-~-\j\  all  raacular  textures  except  some  parts  of  th 
pora  cavernosa  of  the  penis,  and  of  the  uterine  placenta,  and  c 
spleen  I  the  transmission  of  the  blood  from  the  minate  branches 
arteries  to  the  minute  veins  is  effected  through  a  network  of  capil 
They  miij  be  seen  in  all  minutely  injected  prepamtione. 

The  point  at  which  the  arteries  terminate  and  the  minute  yeini 
mence^  cannot  be  exactly  defined,  for  the  transition  is  gradual;  b 


Flf ,  158.— BiUacilfLcatlon  of  tuerrea  AOd  terminAtioD  In  the  muM^ular  ocwt  of  A  i 

capillary  network  has^  nevertheless,  this  peculiarity,  that  the 
Teasels  which  compose  it  maintain  the  same  diameter  throughout: 
do  not  dimini*}h  in  diameter  in  one  direction,  like  arteries  and  ' 
and  the  meshes  of  the  network  that  they  compose  are  more  ni 
in  shape  and  nizo  than  those  formed  by  the  anastomoses  of  the  n; 
arteries  and  veins. 

Structure. — This  is  much  more  simple  than  that  of  the  artei 
veins.  Their  walls  are  composed  of  a  single  layer  of  elongated  or 
ate,  fattened  and  nucleated  cells,  so  joined  and  dovetailed  togetl 
to  form  a  continuous  transparent  membrane  (fig.  157).  Outside 
cells,  in  the  larger  capillaries,  there  is  a  structureless  or  very  ; 
fibrillated  mombranc,  on  the  inner  surface  of  which  they  are  laid  ( 
In  some  cases  this  external  membrane  is  nucleated,  and  may  thi 
regarded  as  a  miniature  representative  of  the  tunica  ad ventitia  of  art 
Here  and  there  at  the  Junction  of  two  or  more  of  the  delicate  end 
Hal  cells  which  compose  the  capillary  wall,  pseudo-stomata  may  be 
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le  diatneier  of  thp  ciipillary  vessels  varies  somewhat  in  the  different 
irea  of  the  body,  the  most  common  eizo  being  about  ^i^rrrth  of  an 
^  12fM*  Among  the  smallest  may  be  mentioned  those  of  the  brain, 
of  the  follicles  of  the  mucous  membrane  of  the  intestines;  among 
largest^  those  of  the  skin,  and  especially  those  of  the  medulla  of 

IS. 

The  nze  of  capillaries  variea  necessarily  in  different  animals  in  rela- 


p, CftpiiliUT  bkK>d-Tes«el8  from  the  omeatimi  of  rabbit,  Bhowlnff  the  dtieleated  etulollielial 

meta1}r«tie  of  which  they  are  compcMied.    ifOt^in  and  Nobh?  SzulliiO 

to  the  size  of  their  blood  corpuscles :  thus,  in  the  ProteuSj  the  capil- 
circuktion  can  juat  be  discerned  with  the  naked  eye, 
^eformot  the  capillary  network  presents  considerable  variety  in 
lifferent  textures  of  the  body :  the  varieties  consisting  principally 
©difications  of  two  chief  kinds  of  mesh,  the  rounded  and  the  elon- 
L  That  kind  in  which  the  meshes  or  interspaces  have  a  roundish 
4  is  the  most  common,  and  prevails  in  those  parts  in  which  the 

Bry  network  is  most  dense,  such  as  the  lungs  (fig,  158),  moat 
and  mucous  raembranes,  and  the  cutis.  The  meshes  of  this 
I  network  are  not  quite  circular  but  more  or  less  angular,  some- 
IB  presenting  a  nearly  regular  quadrangular  or  pcdygonal  form,  but 
E;  more  frequently  irregular.  The  capillary  network  with  elongated 
es  IB  observed  in  parts  in  which  the  vessels  are  arranged  among 
lies  of  fine  tubes  or  fibres,  as  in  muscles  and  nerves.  In  such  parts, 
aeshes  form  parallelograms,  the  short  sides  of  which  may  be  from 
I  to  eight  or  ten  times  less  than  the  long  ones;  the  long  sides  being 
f  or  less  parallel  to  the  long  axis  of  the  fibre*  The  rounded  and 
ted  meshes  vary  according  as  the  vessels  composing  them,  are 

or  tortuous. 
lie  number  of  the  capillaries  and  the  size  of  the  meshes  in  different 
determine  in  general  the  degree  of  rascularittf  of  those  parts. 
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The  capillary  network  h  clcisest  in  the  liniga  atid  in  the  choroid  J 
the  eye.  In  the  iris  and  ciliary  body,  the  interspaces  are  8oaM| 
wider,  yet  very  small  In  the  human  liver  the  interspaceB  are  of 
same  size,  or  even  smaller  thitn  the  capillary  vessels  themselves.  In 
human  lung  they  are  smaller  than  the  vessels;  in  the  human  Idd 
and  in  the  kidney  of  the  dog.  the  diameter  of  the  injected  capilk 
compared  with  that  of  the  interspaces,  is  in  the  proportioa  of  on 
four,  or  of  one  to  three.  The  brain  receives  a  very  large  quantit 
blood;  but  its  capillaries  are  very  minute,  and  are  less  Dumeroaal 
in  some  other  parts*  In  the  mucous  membranes — for  example  in 
conjunctiva  and  in  the  cutis  vera,  the  capillary  vessels  are  muchh 
than  in  the  brain,  and  the  interspaces  narrower, — namelj,  not  J 


i 


f1ff>  108^  Fig.  100. 

Flit.  1SS.— Network  of  caplllAtj  TCBm^ts  of  the  alr-ceUs  of  the  horse's  I 


CaplllaHeB  proo«edInK  from  b,  b,  temnlntk}  briioche«  of  tht*  pulmouuy  artery. 
Fig,  160.— Injected  capUlai^  venels  of  inuBcJe  seen  wiib  a  low  tuA^itLlCrini 


tu^gnilying  poi^ 


(SM 


than  three  or  four  times  wider  than  the  vessels.  In  the  perioa 
the  meshes  are  much  larger.  In  the  external  coat  of  arteries,  the  \ 
of  the  meshes  is  ten  times  that  of  t!ie  vessels. 

It  may  bo  held  us  a  general  rule,  tliut  the  more  active  the 
of  an  organ  are,  the  more  vascular  it  is.  Hence  the  narrownc 
interspaces  in  n\\  glanduhir  organs,  in  mucous  membranes,  and  inj 
ing  parts;  their  much  greater  width  in  bones,  ligaments,  and  other 
tough  and  comparatively  inactive  tissues;  and  the  nsuallj  com 
absenee  of  vesseb  in  ejirtilage,  and  sach  parts  as  those  in  which,  p: 
bly,  very  little  vital  change  occurs  after  they  are  once  formed* 


,  tne  \ 

i 
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The  Veins, 

I  Distribution, — The  venous  system  begins  in  small  vesBels  wliich  are 
|titlT  larger  than  the  capillaries   from   which  they  spring.     These 
1«  are  gathered  up  into  hirgcr  and  larger  trunks  until  they  terrai- 
I  (as  regards  the  systemic  circulation)  in  the  two  venas  cavse  and  the 
iry  veins,  which  enter  the  right  auricle,  and  (as  regtirds  the  pul- 
iry   circulation)   in  four  pulmonary   veins,  which   enter  the   left 
iricle.     The  total  capacity  of  the  veina  diminishes  as  they  approach 


vi;?5s^-~ 


V^ 


P 


„.  IflO'^TransTefse  section  through  »  gnmll  utety  and  relii  of  the  muooui  tDeinbnn&  of  a 
lepifClotUs:  the  artery  is  thick-walled  and  th«  vein  thlti-walled,  a,  Art«^ry,  the  »etter  is  placed 
*         ^  of  the  ireaiel.    e.  EznlotheUal  oellawiitb  Duoltti  clearly  ▼i&iblv  ;  these  oellflapp9arT«(y 

Um  contracted  state  of  th«  veaseL,  Out^jd*^  it  a  double  wuvy  line  carles  the  elastte 
_  _  .  ijk  wt.  Tunica  iiii>^Ltt  ccmaaatlDg  of  unatriped  mut^eular  tiliros  circularlj  arr&tigecl ;  thetr 
I  mre  irell  »(!<eQ-  u.  Part  of  the  luolea  culventkia  ^loiritij^  bundles  of  «:onueetive-tiesue  Abre  in 
m,  with  the  circular  nnclt-i  of  the  connecriv*:'  tissue  corpusck-s.  Thin  eoai  gradually  tnerBcs 
Itite  •urroaiidlaK  coooective'tlaBue.  ▼.  Id  the  Luineo  of  the  vein.  The  otbur  l^ttcrH  iudicate  ihe 
i«B  111  the  Artery.    The  muscuhir  coat  of  the  vein  {m)  ia  aeen  to  be  titucb  tbitmer  Lhmi  that  of 

X  96QL    (Kleiti  and  Noble  Smith.) 


[  heart ;  but,  as  a  rule,  their  capacity  exceeds  by  twice  or  three  times 

of  their  corresponding  arteries.    The  pulmonary  reins,  however, 

<^ption  to  this  rule,  as  they  do  not  exceed  in  capacity  the  piil- 

1  teries.     The  veins  are  found  after  death  more  or  less  collapsed^ 

often  contain  blood.     They  are  usually  distributed  in  a  superficial 

i  a  deep  set  which  communicate  frequently  in  their  course. 

Sir  uff  lire, — In  structure  the  coats  of  veins  bear  a  general  resemblance 

those  of  arteries  (fig.  160)*     Thus,  they  possess  outer,  middle,  and 

ernal  coats* 

The  oilier  coat  ia  constructed  of  areolar  tissue  like  that  of  the 


108 


HANDBOOK   OF  PHTSIOUMJY. 


arteries,  but  is  thicker.     In  some  vems  it  contains  mnscuUrfib 

which  lire  arnmged  longitmliTially. 

The  mitidif  coat  is  considerably  thinner  than  that  of  the  art 
coutaiiifi  circular  ungtripeil  muscular  fibres^  mingled  with  a  la 


Fig.  im.^DlMnui]  ihowtOKTBlTe*  of  wtAo*.  a,  part  of  a  vein  i&ld  open  and  mprmAa 
pAffH  of  TAlvea.  a,  toDxttucUnitl  teotloti  of  »  Tein,  mhovrlnj?  the  &ppo«iiloti  of  the  edn*  ol 
in  tiMflr  cLoeed  fltac«.  c»  portloci  of  m  dliteiided  T^iQ.  exhitiiiitig  a  sweUins  ia  th»  miaa.n 
of  valves. 

portion  of  yellow  elastic  and  white  fibrous  tissue.  In  the  larj 
near  the  heart,  nttmelj  the  tenm  cavw  and  pulmonary  veins,  th 
coat  is  replaced,  for  some  distance  from  the  heart,  by  circularly  i 
fitriped  muscular  fibres,  continuous  with  those  of  the  auricles. 


Itif.  leSL— A,  vein  with  valves  open,     B,  v^eln  with  ttlwm  cloaed: 


stream  of  blood  i« 


The  tnitraal  coat  of  veins  consists  of  a  fenestrated  membrai 
may  be  absent  in  the  smaller  ones,  lined  by  eudotlieliuni. 

Valves. — The  chief  influence  which  the  veins  hare  in  th€ 
tion,  ia  effected  with  the  lielp  of  the  valves,  contained  in  all  v 
ject  to  local  pressure  from  the  muscles  between  or  near  which  t 
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eral  constrtiction  of  these  valves  is  eiinilar  to  that  of  the  semi- 
Jves  of  the  aorta  and  pulmoimry  artery^  already  described ;  but 
te  margins  are  turned  in  the  upposito  direction,  i,  f.,  fofvard  the 
»  as  to  prevent  any  movemeut  of  blood  backward.  They  are 
Ij  placed  in  pairs,  at  various  distances  in  diiferent  veins,  but 
miformly  in  eiich  (fig.  IGl).  In  the  smaller  veins  single  valves 
1  met  with;  and  three  or  four  are  sometimes  pLiced  together,  or 
e  another,  in  the  largest  veins, 
in  the  subclavians,  at  their  junc- 
h  the  jugular  veins.  The  valves 
ilunar;  the  unattached  edge  be- 
come examples  concave^  in  others 
They  are  composed  of  inex ten- 
jus  tissue,  and  are  covered  with 
linm  like  that  lining  the  veins. 
the  period  of  their  inaction,  when 
>us  blood  is  flowing  in  its  proper 
i»  they  lie  by  the  sides  of  tlie  veins ; 
n  in  action^  they  come  together 
valves  of  the  arteries  (figB.  IfU  and 
!lieir  situation  in  the  superficial 
Ijlbe  forearm  is  readily  discovered 
Img  along  its  surface,  in  a  direc- 
aite  to  the  venous  current,  t>., 
Blbow  toward  the  wrist;  when 
iiga  (fig.  161,  c)  appear  in  the 
each  pair  of  valves.  These 
once  disappear  when  the  pres- 
nved. 

not  equally  numerous  in  all 

in  many  they  are   absent   al- 

They  are   most  numerous  in 

I  of  the  extremities,  and   more 

of  the  leg  than  the  arm.  They  are  commonly  ahsefit  in 
188  than  2  mm.  in  diameter,  and,  as  a  genend  rule  there 
none  in  those  which  are  not  subject  to  muscular  pres- 
hong  those  veins  which  have  no  valves  may  be  mentioned  the 
id  inferior  vena  cava,  the  trunk  and  branches  of  the  portal 
?  hepatic  and  renal  veins,  and  the  pulmonary  veins;  those  in  the 
of  the  cranium  and  vertebral  column,  those  of  the  bones,  and 
k  and  branches  of  the  umbilical  vein  are  also  destitnte  of  valves. 
phatics  of  Arteries  and  Veins, — Lymphatic  spaces  are  present 
its  of  both  arteries  and  veins;  but  in  the  tunica  adventitia  or 
it  of  large  vessels  they  form  a  distinct  plexns  of  more  or  less 


FTg.  1fii3,  "Burfiuse  view  of  an  Brterj 
frotu  the  i!:]<'.H*'iUi*ry  of  a  frn^,  eo- 
Rheathtxl  In  a  ptrS-vftucular  lyitiphatic 
vesjMiL  ff.  Th^^a^t^^^y,  with  JistTimular 
miiAcuHar  ctiiit  (mWiin)  indiciLN-^i  by 
Hroail,  triiu»vers*»  iriHrkinjfK,  with  tm 
lti( Heathen  nf  the  advt^titia  outside, 
L  Lymphatic  vesisel,  It:^  waU  la  asim- 

Sie  eodothelliAl  im^nihrane,   c Klein  aod 
oble  Smith. 
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tubular  Teseels,     In  smiiller  vessels  they  tippear  as  sinous  epaeeitii 
by  etidt»th(j]iufii.     Sometimes,  as  in  the  arteries  of  the  oroenliim^i 
tery,  and  njenibranea  of  the  bniio,  in  the  pulmonary,  hepatic,  andi 
arteries,  the  spaces  are  continuous  with  vessels  which  difitinctly  en 
them— peri  vase  uiar  lymphatic  sheaths  (fig.  163),     Lymph  channa 
said  to  be  present  also  in  the  tunica  media. 


The  Action  of  the  Heart. 

The  heart's  action  in  propelling  the  blood  consists  in  the  sm 
alternate  contraction  (systole)  and  relaxation  (diastole)  of  the 
cular  walls  of  its  two  auricles  and  two  ventricles. 

Action  of  the  Auricles.— The  description  of  the  action 
heart  may  be  commenced  at  that  period  in  each  cycle  which 
d lately  precedes  the  beat  of  the  heart  against  the  chest  walL     The 
heitrt  is  then  in  a  passive  state;  the  auricles  are  gradually  filling 
blood  flowing  into  them  from  the  veins;  and  a  portion  of  this  blood! 
passing  at  once  through  them  into  the  ventricles,  the  opening  bei 
the  cavity  of  each  auricle  and  that  of  its  corresponding  ventricle 
during  all  the  pauM\  free  and  patent.     The  auricles,  however, 
more  hJood  than  at  once  passes  through  them  to  the  ventricles, 
near  the  end  of  the  pause,  fully  distended;  and  at  the  end  of  the 
they  contract  and  expel  their  eoutents  into  the  ventricles. 

The  contraction  of  the  auricles  is  sudden  and  very  quick;  it  o 
mences  at  the  entrance  of  the  great  veins  into  them,  and  is  thenee  pi 
agated  toward  the  auriculo- ventricular  opening,  forcing  the  con 
blood  into  the  ventricle.     The  reflux  of  blood  into  the  great  veius 
ing   the  aiiricolar  systole   is  resisted  not  only  by   the  mass  of 
within  them,  but  also  by  tho  simultaneous  contraction   of   the 
cular  coats   with  which  the   large  veins  are  provided  near  their 
trance  into  the  auricles.     Any  slight  regurgitation  from  the  right 
cle  is  limited  by  the  valves  at  the  junction  of  the  subclavian  and  intei 
jugular  veins,  beyond  which  the  blood  cannot  move  backward;  and 
coronary  vein  is  preserved  from  it  by  a  valve  at  its  mouth. 

The  force  of  the  blood  propelled  into  the  ventricle  at  each  auricii 
systole  is  transmitted  in  all  directions^  but  being  insufficient  to  open 
semilunar  valves,  it  is  expended  in  distending  tho  ventricle. 

Action  of  the  Ventricles, — The  dilatation  of  the  ventricles 
proceeds  during  the  chief  part  of  the  dilaUtion  of  the  auricles  iso 
pleted  by  tho  forcible  injection  of  the  contents  of  the  latter.  T 
distended,  the  ventrielea  immediately  contract:  so  immediately,  indi 
that  their  systole  looks  as  if  it  were  continuous  w^ith  that  of  the 
cles.  The  ventricles  contract  much  more  slowly  than  the  auricles, 
IB   their  contraction   probably   always   thoroughly   empty  themseli 
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in  this  respect  from  the  auricles,  iti  whichj  even  after  their 
f  contratitioo,  a  small  qtiantity  of  blood  reiiiaiiiB.  The  shape  of 
entriclea  during  eyetola  unJergoea  au  alteratioD  when  the  chest  is 
I,  the  diameter  in  the  plaoe  of  the  haaoheiiig  diminiahetl,  but  the 

of  the  heart  as  a  whole  is  not  altered  (Ludwig),  Ha^^craft  states 
he  heart  undergoes  no  change  of  shape  in  the  uDopened  chest. 
5  the  systole  of  the  ventricles,  too,  the  aorta  and  pidmouary 
,  being  filletl  with  blood  by  the  force  of  the  ventricuhir  ac- 
kgainst  considerable  resistance,  elongate  aa  well  as  expand,  and 
lole  heart  moves  slightly  toward  the  right  and  forward,  twisting 
long  axis,  and  exposing  more  of  the  left  ventricle  anteriorly  than 
Jly  in  front.  When  the  systole  ends  the  heart  resumes  its  former 
n,  rotating  to  the  left  again  as  the  aorta  and  pulmonary  artery 
ct.  After  the  whole  of  the  blood  has  been  expelled  from  the 
sles,  the  walls  are  believed  to  rcnniin  contracted  for  a  short  period 
the  rapid  re-dihitation  of  the  chambers  begins, 
tioii  of  the  Valves. — (1)  The  AttricuiO'Veniriadar. — Dnring 
8  of  both  ventricles  and  auricles,  blood  flows  directly  through  the 
I  into  the  ventricle,  the  auricle,  during  this  period,  acting  as  a 
Qation  of  the  large  veins  which  empty  into  it.  At  the  end  of  this 
f  the  ventricle  has  already  been  nearly  filled.  The  systole  of  the 
ip  which  now  takes  place,  completes  this  filling  and  at  the  same 
ightly  overdistends  the  ventricle.  When  the  force  of  the  auricu- 
Qtraction  is  spent,  Ihe  ventricular  walls  reassume  their  former 
►n,  and  in  so  doing  exert  some  pressure  upon  the  ventricular  side 

auriculo- ventricular  valves,  which  are  gently  forced  toward  the 
t.     In  counection  with  this,  another  force  comes  into  play,  viz. : 

or  back  currents,  resulting  from  the  flow  of  blood  under  im-reaaed 
re  during  auricular  systole  from  the  auricle  into  the  ventricle 
;h  a  comparatively  narrow  orifice  into  a  wider  cavity.     These  cur- 

which  continue  for  a  moment  alter  tlio  central  current  ceases, 
floating  the  valve  leaflets  into  apposition.  Thus,  the  auriculo- 
[jolar  openings  are  clo&ed  at  the  end  of  auricular  systole  or  the  end 
^cular  diastole,  and  before  ventricular  systole  has  actually  begun, 
Ptricnlar  systole  which  follows  simply  serves  to  place  the  valves 
greater  tension  and  to  close  them  still  more  firmly.  It  should  be 
Bted  that  the  diminution  in  the  breadth  of  the  base  of  the  heart 
Hnnaverse  diameters  during  ventricular  systole  is  especially 
!on  the  neighborhood  of  the  auriculo -ventricuhir  rings,  and  this 

tendering  the  auriculo-ventricular  valves  competent  to  close  the 
gs,  by  greatly  diminishing  their  diameter.  The  margins  of  the 
tt  the  valves  are  still  more  secured  io  apposition  with  one  another, 
Uaneous  contraction  of  the  musculi  papillares,  whose  chordte 
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tendinesB  have  a  special  mode  of  attachmeDt  for  this  object.    The 
of  the  auriculo-ventricular  valves  meet  not  by  their  edges  only,  hai\f^ 
the  opposed  surfaces  of  their  thin  outer  borders. 

The  form  and  position  of  the  fleshy  columns  on  the  internal  waDi 
the  ventricle  no  doubt  help  to  produce  the  obliteration  of  the  veni 
lar  cavity  during  contraction ;  and  the  completeness  of  the  cloeare 
often   be  observed  on  making  a  transverse  section  of  a  heart 
after  death,  in  any  case  in  which  rigor  mortis  is  very  marked  (Fig.  I 
In  such  a  case  only  a  central  fissure  may  be  discernible  to  the  eye  in 
place  of  the  cavity  of  each  ventricle. 

If  there  "were  only  circular  fibres  forming  the  ventricular  wall,  it! 
evident  that  on  systole  the  ventricle  would  elongate;  if  there  were 
longitudinal  fibres,  the  ventricle  would  shorten  on  systole;  bat 
are  both.    The  tendency  to  alter  in  length  is  thns  counter) 
and  the  whole  force  of  the  contraction  is  expended  in  diminishing 
cavity  of  the  ventricle;  or,  in  other  words,  in  expelling  its  contoitii 

On  the  conclusion  of  the  systole  the  ventricular  walls  tend  to 
by  virtue  of  their  elasticity,  and  a  negative  pressure  is  set  up, 
tends  to  suck  in  the  blood.    This  negative  or  suctional  pressure  on 
left  side  of  the  heart  is  of  the  highest  importance  in  helping  the 
monary  circulation.     It  has  been  found  to  be  equal  to  23  mm.  of 
cury,  and  is  quite  independent  of  the  aspiration  or  suction  power  of 
thorax  itself,  which  will  be  described  in  a  later  chapter. 

The  musculi  papillares  prevent  the  auriculo-ventricular  valves  ftfll 
being  everted  into  the  auricle.  For  the  chordss  tendinese  might  alb 
the  valves  to  be  pressed  back  into  the  auricle,  were  it  not  that  when  I 
wall  of  the  ventricle  is  brought  by  its  contraction  nearer  the  auricol 
ventricular  orifice,  the  musculi  papillares  more  than  compensate  for 
by  their  own  contniction — holding  the  chords  tight,  and,  by  pullil 
down  the  valvos,  adding  slightly  to  the  force  with  which  the  blood 
expelled. 

These  statements  apply  equally  to  the  auriculo-ventricular  valves 
both  sides  of  the  heart;  the  closure  of  both  is  generally  complete 
time  the  ventricles  contract.  But  in  some  circumstances  the  tricu 
valve  does  not  completely  close,  and  a  certain  quantity  of  blood 
forced  back  into  the  auricle.  This  has  been  called  the  safety-valve  adiA 
The  circumstances  in  which  it  usually  happens  are  those  in  which  f 
vessels  of  the  lung  are  already  completely  full  when  the  right  veutril 
contracts,  as,  (?.//.,  in  certain  pulmonary  diseases,  in  very  active  exertifl 
and  in  great  efforts.  In  these  cases,  the  tricuspid  valve  does  not  coi 
pletely  close,  and  the  regurgitation  of  the  blood  may  be  indicated  b 
pulsation  in  the  jugular  veins  synchronous  with  that  in  the  cart 
arteries. 

(2.)   T/ic  Serniltutars,  —  It  has  been  shown  that  the  commencement 
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ricular  sjstole  precedes  the  opening  of  the  semiluDar  valves  by  a 
of  a  second.  This  woiiUl  seem  to  show  that  the  iiitraventriciilar 
does  not  exceed  the  arterial  pressure  until  the  systole  has  actiially 
or  the  opening  of  the  valves  takes  place  at  once  when  there  is  a 
difference  in  favor  of  the  intraveiitricolar  over  the  arterial  press- 
contiDues  open  only  as  long  as  this  difference  continues.  When 
isA  begins  to  exceed  the  intraventricular  pressure^  there  is,  as  it 
fcflnx  of  blood  toward  the  heart,  and  the  valves  close.  The  dila- 
!  the  arteries  is,  in  a  peculiar  manner,  adapted  to  bring  this  about. 
er  borders  of  the  semilunar  valves  are  attached  to  the  inner 
k  the  tendinous  riug>  which  is,  as  it  were,  inlaid  at  the  orifice 
rtery,  between  the  muscular  fibres  of  the  ventricle  and  the 
bres  of  the  walla  of  the  artery.  The  tissue  of  this  ring  is  tough. 
Blot  admit  of  extension  under  such  pressure  as  it  is  commoolj 
to;  the  valves  are  equally  inex tensile,  being,  as  already  men- 
formed  mainly  of  tough,  close-textured,  fibrous  tissue,  with 
nterwoven  cords.  Hence,  when  the  ventricle  propels  blood 
|lie  orifice  and  into  the  canal  of  the  artery,  the  lateral  pressure 
pxercises  is  sufficient  to  dilate  the  walla  of  the  artery,  but  not 
■  stretch  in  an  equal  degree,  if  at  all,  the  unyielding  valves  and 
TO  which  their  lower  borders  are  attached.  The  effect,  there- 
3ach  such  propulsion  of  blood  from  the  ventricle  is,  that  the 
ke  first  portion  of  the  artery  is  dilated  into  three  pouches  behind 
'  -  the  valves,  while  the  free  margins  of 

the  valves  are  drawn  inward  toward  its 
centre  (tig.  IM  b).  Their  positions 
may  be  explained  by  the  diagrams,  in 
which  the  continuous  lines  represent 
a  transverse  section  of  the  arterial 
walls,  the  dotted  ones  the  edges  of  the 
valves,  firstly,  when  the  valves  are 
nearest  to  the  walls  (a),  as  in  the  dead 
heart,  and  secondly,  when,  the  walla 
being  dilated,  the   valves  are   drawn 

rl  manm.  «.  repa^nt*^  by  ^^^^.  j^^^^^  ^^^^^^  ^^^y 
This  position  of  the  valves  and  ar- 
ils is  retained  so  long  as  the  ventricle  continues  in  coutraction: 
as  it  relaxes,  and  the  dilated  arterial  walls  can  recoil  by  their 
the  blood  is  forced  backward  toward  the  ventricles  and  on- 
he  course  of  the  circulation.  Part  of  the  blood  thus  forced 
the  pouches  (sinuses  of  Valmlva)  (a,  fig.  1(34,  b)  between  the 
the  arterial  walls;  and  the  valves  are  by  it  pressed  together 
ihin  Innated  margins  meet  in  three  lines  radiating  from  the 
be  circumference  of  the  artery  (7  and  8,  fig.  148). 


4SprtioiiH  nf  norta.  to  Rhnw  thf 
jemiJutjar  v&lves,  a  is  ioU^nde^l 
,  mpremmted  bj  tlie  dotted 
r  Uie  Arterial  walli,  repraented 
outer  IJoe.  b  (after  Hun- 
artpffnl  wall  disWudcd  infn 
I  inK  and  (Jruwn  away  fnjm  the 
I  ar?  atralKhtened  Into  ihe  form 
al  trianirlf?  »»  i^pix^ttented  by 
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The  contact  of  the  valves  in  this  position  and  the  complete  dorore 
of  the  arterial  orifice  are  secured  by  the  peculiar  construction  of  their 
borders  before   mentioned.     Among   the  cords  which  are  interwoTea 
in  the  substance  of  the  valve  are  two  of  greater  strength  and  promi- 
nence than  the  rest;   of  which  one  extends  along  the  free  border  a 
each  valve,  and  the  other  forms  a  double  curve  or  festoon  jast  beior 
the   free   border.     Each   of   these   cords  is  attached    by  its  onter  ex- 
tremities to  the  outer  end  of  the  free  margin  of  its  valve,  and  in  te 
middle  to  the  corpus  Arantii;  they  thus  enclose  a  lunated  space  front 
to  3  mm.  in  width,  in  which  space  the  substance  of  the  valve  is  mvA 
thinner  and  more  pliant  than  elsewhere.     When  the  valves  are  preMi 
down,  all  these  parts  or  spaces  of  their  surfaces  come  into  contact,! 
the  closure  of  the  arterial  orifice  is  thus  secured  by  the  apposition  i 
of  the  mere  edges  of  the  valves,  but  of  all  those  thin  lunated  parti 
each  which  lie  between  the  free  edges  aad  the  cords  next  below  tlM 
These  parts  are  firmly  pressed  together,  and  the  greater  the  preM 
that  falls  on  them  the  closer  and  more  secure  is  their  apposition, 
corpora  Anuilii  meet  at  the  centre  of  the  arterial  orifice  when  thevdi 
are  down,  and  they  probably  assist  in  the  closure;   but  they  are  n 
essential  to  it,  for,  not  unfrequently,  they  are  wanting  in  the  valves 
the  pulmonary  artery,  which  are  then  extended  in  larger,  thin,  flappii 
margins.     In  valves  of  this  form,  also,  the  inlaid  cords  are  less  distinc 
than  in  those  with  corpora  Anintii;  yet  the  closure  by  contact  of  tbi 
surfaces  is  not  less  secure. 

Cardiac  Cycle. — Taking  72  as  the  average  number  of  cardiac  evolfr; 
tions  per  minute,  each  revolution  may  be  considered  to  occupy  f  of 
second,  or  about  .8,  which  may  be  approximately  distributed  in  thi 
following  way : — 

Auricular  systole.  ab<:)ut    .  1  +  Auricular  diastole    .         .         .     .7  =  .8 
Ventricular  systole    **         .3  +  Veutricular  diastole    .         .  .5  =  .8 

Period  of  joint  auricular 
and  ventricular  diastole  .4  +  Period  of  systole  of 

auricles  or  ventricles    .         .     .4  =  .8 

If  the  speed  of  the  heart  be  quickened,  the  time  occupied  by 
cardiac  revolution  is  of  course  diminished,  but  the  diminution  afl( 
only  tlie  diastole  and  pause.     The  systole  of  the  ventricles  occupies  v( 
much  tlie  same  time,  whatever  the  pulse-rate. 

The  exact  period  in  wliich  the  several  valves  of  the  hcArt  are 
action  is  a  matter  of  some  uncertainty;  the  auriculo-ventricular  valvi 
are  probably  closed  durinf^  the  whole  time  of  the  ventricular  contrao 
tion,  while,  during  the  dilatation  and  distention  of  the  ventricles,  tbn 
are  open.  The  semilunar  valves  are  only  certainly  open  during  thl 
middle  period  of  the  ventricular  contraction.  ] 


When  the  ear  is  placed  over  the  region  of  the  heart,  two  munds  may 

heard  at  e%'ery  beat  of  the  heart,  which  follow  in  quick  succession, 

d  are  Bucceeded  by  a  pause  or  period  of  silence.     The  Jirsi  eound  is 

U  and  prolonged;  its  commencement  coincides  with  the  impulse  of 

heart  against  the  chest  wall^and  just  precedes  the  jiulae  at  the  wrist, 

seeimd  is  shorter  and  sharper,  with  a  somewhat  Hupping  churacter, 

I  follows  close  after  the  arterial  pulse.     The  periods  of  time  occupied 

lectivelv  by  the  two  sounds  taken  togcthi-r  ami  by  the  pause  between 

second  and  the  first,  are  unequal.     According  to  Foster,  the  interval 

ime  Jbetween  the  beginning  of  the  first  sound  a^nl  the  second  sound 

3   second,  while   between   the  second   aud   the  succeeding  first  it  ia 

'ly  .5  (see  fig.  165)*     The  relative  length  of  time  occupied  by  each 

..id,  as  compared  with  the  other,  may  bo  beat  appreciated  by  con  side  r- 

I  the  different  forces  concerned  in  the  production  of  the  two  sounds. 

mne  case  there  is  a  strong,  comparatively  slow,  contraction  of  a  large 

ms  of  muscular  fibres,  urging  forward  a  certain  quantity  of  fiuid 

inst  considerable  resistance;  while  in  the  other  it  is  a  strong  but 

Krter  and  sharper  recoil  of  the  elastic  coat  of  the  large  arteries — ^shorter 

use  there  is  no  resistance  to  the  fl^apping  back  of  the  semilunar  valves, 

'there  was  to  their  opening.     The  sounds  may  be  expressed  by  the 

irds  tul^ — d6p. 

The  events  which  correspond,  in  point  of  time,  with  the/r^/  sound, 
(1)  the  contraction  of  the  ventricles,  (2)  the  first  part  of  the  dihita- 
i  of  the  anricles,  (3)  the  tension  of  the  auriculo-ventricular  valves, 
the  opening  of  the  semilunar  valves,  and  (5)  the  propulsion  of  blood 
to  the  arteries.  The  sound  is  succeeded »  in  uboiit  one-thirtieth  of  a 
tond,  by  the  pulsation  of  the  facial  arteries,  aud  in  about  one-sixth  of 
leeond.  by  the  pulsation  of  the  arteries  at  the  wrist*  The  second  sound, 
point  of  time,  immediately  follows  the  cessation  of  the  ventricular 
Btraetion,  and  corresponds  with  (a)  the  tension  of  the  semilunar 
Tes*  (h)  the  eontinoed  dilatation  of  the  anricles,  (c)  the  commencing 
lion  of  the  yentrieles,  and  (d)  the  opening  of  the  auriculo*ventric- 
ves.  The  pause  immediately  follows  the  second  sound,  and 
ponds  in  ifs  first  part  with  the  completed  distention  of  the  auri- 
;.  and  in  its  second  with  their  contraction,  and  the  completed  disten- 
of  the  ventricles;  tlie  iturieulo'Vcntrieiihir  valves  being  all  the  time 
le  pause  open,  and  the  arterial  valves  closed. 
Causes. — The  exact  cause  of  the  first  sound  of  the  heart  is  not 
Two  factors  probably  enter  into  it,  viz.,  firstly  the  ribration 
\€  auricnto*v€ntricular  valves  and  of  the  chordae  tendineas.  This 
tion  is  produced  by  the  increased  intraventricular  pressure  set  up 
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when  the  ventricular  systole  commeDces,  which  puta  the  TalTei^ 

gtretch.     The  question  whether  this  fitretched  condition  of  the 
contiuuea  throughout  the  whole  of  the  ventricular  systole  ctuuiot 
delinitely  settled,  but  if  it  does  not,  the  valvular  element  may 
take  part  in  the  production  of  the  first  part  of  the  first  sound  only, 
ia  not  unlikely  too  that  the  vibration  of  the  ventricular  walls  tbemselfi 
and  of  the  aorta  and  pulmonary  artery,  all  of  which  parts  are  sudde 


dlHK'lioaof  tJie  ctir%'iMlfl.rT{»v;  for  i}rioicbrQ&ouB  erenta^  resd  f roa 
the  oeotro  to  tbe  peHpbety  In  mnj  dlrectton.    (Coleman,  j 


FIk*  166*— DtagnunnifttioreprefleQt&tJoii  of  the  cventi  of  the  OArdLAC  cjd«« 


put  into  a  state  of  tension  at  the  moment  of  ventricular  contractii 
may  have  some  part  in  producing  the  first  sound.     Secondly,  (he 
cellar  sound  produced  by  contniction  of  the  mass  of  muscular  fji 
which  form  the  ventricle.     Looking  upon  the  contniction  of  the  li^:  it 
as  a  single  contraction  and  not  as  a  series  of  contractions  or  tetantL^.  it 
is  at  first  sight  difficult  to  see  why  there  should  be  any  nmscalar  soanfl 
at  all  when  the  heart  contracts,  as    a   single   muscle   contraction   do4[ 
not  produce  sound.     It  hjis  been  suggested,  however,  that  it  arises  frc 
the  repeated  unequal  tension  produced  when  the  wave  of  muscular  co 
tract  ions  passes  along  the  very  intricately  arranged  fibres  of  the  ventrii>-, 
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r  walls-     The  valvular  element  is  probably  the  more  important  of 
two  factors • 

The  cause  of  the  second  sound  is  more  simple  than  that  of  tlie  first. 
IB  entirely  due  to  the  vibration  consequent  on  the  sudden  closure  of 
semilQnar  valves  when  they  are  pressed  down  across  the  orifices  of 
aorta  and  pulmonary  artery.     The  influence  of  these  valves  in  pro- 
ring  the  sound  was  first  demonstrated  by  Hope  who  experimented 
h  the  hearts  of  calves.     In  these  experiments  two  delicate  curved 
dies  were  inserted,  one  into  the  aorta,  and  another  into  the  pulmo- 
arterv,  below  the  line  of  attachment  of  the  semilunar  valves,  and, 
being  carried  upward  about  half  an  inch,  were  brought  out  again 
iDQgli  the  coats  of  the  respective  vessels^  so  that  in  each  vessel  one 
•e  was  included  between  the  arterial  walls  and  the  wire.     Upon  ap- 
ing the  stethoscope  to  the  vessels,  after  such  an  operation,  the  second 
Hd  had  ceased  to  be  audible.     Disease  of  these  valves,  when  sufficient 
&terfere  with  their  efficient  action,  also  demonstrates  the  same  fact 
fmodif  jing  the  valvular  cause  of  the  second  sound  or  destroying  its 
jftinctneas. 

I  One  reason  that  the  second  sound  is  clearer  and  sharper  than  the  first 
be,  that  the  semilunar  valves  are  not  covered  in  by  the  thick  layer 
fibres  composing  the  walls  of  the  heart  to  such  an  extent  as  are  the 
ticulo- ventricular.     It  might  be  expected  therefore  that  their  vibra- 
would  be  more  easily  heard  by  means  of  a  stethoscope  applied  to 
walls  of  the  chest. 

The  contraction  of  the  auricles  which  takes  place  in  the  end  of  the 

is  inaudible  outside  the  chest,  hut  is  said  to  be  heard,  when  the 

t  is  exposed  and  the  stethoscope  placed  on  it,  as  a  slight  sound  pre- 

mg  and  continued  into  the  louder  sound  of  the  ventricular  contrac* 


The  Impulse  of  the  Heart. 

With  each  contraction  the  heart  may  be  felt  to  beat  with  a  slight 
Dok  or  impulse  against  the  walls  of  the  chest.  The  force  of  the  ira* 
and  the  extent  to  which  it  may  be  perceived  beyond  this  point 
ry  considerably  in  different  individuals,  and  in  the  same  individual 
er  different  circumstances.  It  is  felt  more  distinctly,  and  over  a 
extent  of  surface,  in  emaciated  than  in  fat  and  robust  persons, 
more  during  a  forced  expiration  than  in  a  deep  inspiration j  for,  in 
(me  case,  the  intervention  of  a  thick  layer  of  fat  or  muscle  between 
he&H  and  the  surface  of  the  chest,  and  in  the  other  the  inflation  of 
portion  of  lung  which  overlaps  the  heart,  prevents  the  impulse  from 
bg  fallj  transmitted  to  the  surface.     An  excited  action  of  the  hearty 


J 
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and  eFpeciftlly  a  hypertrophied  condition  of  the  ventriclee,  will  incTc 
the  impulse;  wbile  a  depreseei)  eoudition,  or  an  atrophied  state  of  1 
ventricular  walls,  will  diminish  it. 

Cause  of  the  ImpnUe. — During  the  j^riod  which  jirecedes  the  la 


Ttotw  to  e>iMnmimlcal« 
with  lamboyr. 


L 


iToty     Tape  Co  atUch  the  Instrument 
Icoob.  to  thf"  chest. 


F1«.  ino.*<;«'dkicniph.    (SaDd0rKni%.) 


tricular  systole  the  apex  of  the  heart  is  situated  upon  the  diaphragm  i 
against  the  chest-wall  in  the  ilfth  intercostal  space.  When  the  teot 
cles  contract,  tbeir  walla  become  hard  and  tense,  since  to  eipel  th 
contents  into  the  arteries  is  a  distinctly  laborious  action,  as  it  is  re 

Screw  to  re j^iiljLte  olevatkMi  gt  h 

i 


Writing  leTfiT. 


Tambour. 


Tube  to  c 


FfR.  167,— Marey'B  Tambour,  to  wbk?h  thi*  tnOTemetit  of  the  cxjlumo  of  air  in  tbe  flntt 
ia  oonJucted  by  a  tube,  and  from  which  It  is  eoinmunicatad  b3'  tUe  lever  to  a  rvvolv^iiig  c 
(Jiai  tbe  tracing  of  i\w  movejiienc  of  tbo  impulse  il>eat  ia  obtained. 


by  tlio  elasticity  of  the  vessels.     It  is  to  this  sudden  Imrdeniug  that  I 
impulse  of  the  heart  against  the  chest-wall  is  due,  and  the  shock  of 
sudden  tension  may  be  lelt  not  only  externally,  but  also  tntemalljj 
the  abdomen  of  an  animal  be  opened  and  the  finger  be  placed  uponi 
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rface  of  the  diaphragni,  tit  a  jioiut  correspond iug  to  the  nnder 
>f  the  ventricle.  The  shuck  is  ft?lt,  and  posaibiy  seen  more  dis* 
•ecause  of  tho  purtial  rotation  of  the  heart,  already  spoken  of, 
i  long  axis  toward  the  right.  The  movement  produced  by  the 
lar  contraction  against  the  cheBt-wall  may  bo  registered  by  riieana 
strumeut  called  the  cardmjraph^  and  it  will  be  found  to  corre- 
most  exactly  with  a  tracing  obtained  by  the  same  instrumont 
iver  the  contracting  ventricle  itsell 

irdiograph  (fig.  1(16)  coiiBistis  of  a  cup- shaped  metal  box  over  the  open 
rbich  is  Ktretched  an  ehislic  Indiarubl.njr  memhrauo,  ypm  which  ia 
mall  knob  of  hard  wcmxI  or  ivory.  TJiis  kool).  hiivvevtir,  umy  be  at- 
\  in  the  figure,  Ut  \Xw  Hide  <»f  I  Ik/  1>ox  by  nn'an,H  of  u  spring,  and  may 
o  act  upon  a  metal  disc  attached  to  the  elastic  niembrane. 
lob  is  for  application  to  the  cbfifil-waU  over  the  place  of  the  great- 
le  of  the  heart.  The  box  or  tympanum  communicates  by  muan«  of 
[it  lube  with  tbo  interior  of  a  fHacoml  tyiupanuui,  in  caaDeciioii  wilh 
a  loijg  and  hjijht  lever.  The  tihock  ol  ibu  heart's  i  in  pulse  being 
Ited   to   Uie    ivuiy   kiiob^   and  ihrongh    it    to    the    finat  tyajpanumi    tbe 


1  of  FfOif'B  HtsarL    c,  TraclDK  of  aurk-ul&r  and  ventricular  sjiitolei  T«  ttine 
in  half  sacouds. 

'  oouTse,  at  oace  transmitted  by  the  column  of  air  in  tlie  elastic  tube 

brior  of  tlie  second  tympanum,  also  elo^eil,  and  through  the  elastic 

lid  of  the  latter  to  tlie  hnt^r,  whicli  m  plactnl  in  connection  with 

jug  apparatus.     This  gon*T^rally  conf^ista  of  a  cylinder  or  drum  covered 

Jced   ijai>er,  revolving  by  clock-work  with  a  delioito  velocity.     The 

the  lever  writes  u{xin  the  pa^^er,  and  a  tracing  of  the  heart's  impulse 

is  thus  obtained. 


Endocardiac  Pressure. 


lot  be  considered,  however,   that  tiio  cardiogram   repreaenta 
3taally  occurring  within  the  heart  itself.     For  determining 
]tiQ] cation  must  be  estublisbed  with  tlie  cavities  of  the  heart. 
i«4 
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By  placing  three  small  India-rubber  air-bags  or  cardiac  MtmnA 
interior  respectively  of  the  right  auricle  and  the  right  ventricle,  sod 
an  iiitercoatal  spaoe  iii  front  of  the  heart  of  living  animaU  (borBe)^! 
placing  these  hags,  by  means  of  long,  narrow  tubea,  in  coromoDicifl 
with  three  levers,  arranged  one  over  the  other  in  connection  with  i 


f1#f.  irt«.^ApfKif«H«  of  M!*t.  rhiiTiv«viii  and  Mai^^r  for  mtttnaMtifr  ih** 
prcik'^Mn',  Mild  |irotiiictioii  of  i]ii|itili«(»ul'  Uit»  h«:;iLrl. 

iatering  appanituft  (fig.  lOH),  Oliauvonn  and  iifarcy  hnvo  Iveen  able 
cord  and  nieasuro  with  niiM^h  in^curary  iho  variutiona  of  the  endocard 
pressure  and  the  couiparativo  duration  uf  the  contractions  of  the  anric 
and  ventricleis.  By  nieaiva  of  tire  Riinie  apparatus,  the  Bynchronisra 
the  iniimlse  with  tho  contractif)n  of  the  vi-utriclos,  is  also  wellshoi 
and  tlie  causee  of  tiie  Beveral  vibrations  of  whicli  it  is  really  oompoi 
liavo  l>een  demonstrated.  i 

In  the  tniijjng  (lig,  1*10),  tlie  intervals  between  the  vertical  linear 
resent  periods  of  a  tenth  of  a  second.  The  parts  on  which  any  gil 
vertical  lino  falls  represent  Bimnltaneons  events.  It  will  bo  seen  U 
the  contract  inn  uf  the  aiirich^,  indicated  by  tho  marked  curve  at  A. 
first  tracing,  causes  a  slight  increase  of  pressure  in  the  ventricle  whi 
is  shown  at  a'  in  tho  Kccotid  tracings  and  produces  also  a  slight  impiii 
whi^'h  is  indicatud  by  a'  In  the  third  tracing.  I'ho  closnro  of  tlie  sei 
lunar  valves  causes  a  nionicnturily  increased  pressure  in  tho  ventrii 
d',  affects  the  pressure  in  the  auricle  !»,  and  is  also  shown  in  the 
of  tho  impnli^o  u'. 

The  large  curve  of  the  ventricular  and  tho  impulfio  tracings,  hei 
a' and  l*\  and  a'  nod  ij%  are  caused  l»y  the  vcntriuulur  contraction,  wi 
the  smaller  nndulations,   between  B  and   C,  «'  and  c'^  h'  and  c% 
caused  by  tho  vibrations  consequent  on  the  tightening  and  closun 
tho  auriculo- ventricular  valvo.^. 

It  socniB  by  no  means  certain  t'.iat  Marcy's  curves  properly  reproi 
the  variations  in  intraventricular  pressure.     Much  objection  hai  bi 
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ty  bis  method  of  inveatigation-  Firatlj,  because  hia  tambour  ar* 
ent  does  not  admit  of  both  positive  niid  iiegutive  pressure  being 
iieouHly  recorded*  Secondly,  bfcnuse  tbe  method  is  only  applicable 
I  animals^  such  as  the  horse.  And  thirdly*  because  tho  intraven- 
changes  of  pressure  are  cummuuicatud  to  the  recording  tambour 
ig  elastic  column  of  air;  and  fourthly,  because  the  tambour  ar- 
Bot  has  a  tendency  to  record  inertia  vibrations.  II.  D.  Rolleston, 
Lpointed  out  the  above  imperfections  of  Marcy's  mLithodthaa  re- 
the  subject  with  a  more  suitable  appanitua*     The  method 


U»e  iMTATt.  tn  hi*  T^emi  fn»ni  h^ti   tn  right,  ulitaiiii^Nl  by  C'hauvt'^au  imd  Miuvy's  apparatufL 


by  Rolleston  is  as  follows:  a  window  is  made  in  the  chest  of 
ithetized  and  ennirized  animal,  and  an  appropriately  curved  glass 
introduced  througl)  an  opening  in  tlie  auricular  appendix. 
lohi  is  then  passed  through  the  auriculo*ventricular  orifice  with- 
Ring  any  apprecialjle  regurgitation,  into  the  auricle*  or  it  may  he 
cud  into  the  cavity  of  the  right  or  left  ventricle  by  an  opening 
n  the  apei  of  the  heart.  In  some  experiments  the  trocar  is 
through  the  chest  wall  into  the  ventri4;nlar  cavity.     The  ajij^a- 

filled  with  a  solution  of  leech  extract  in  .75  per  cent  saline  so- 
or  with  »  Bohition  of  sodium  bicarbonaio  of  specific  gravity  1083. 
imals  employed  were  chiefly  doge,  Tho  movement  of  thecolunrn 
1  is  communicated  to  the  writing  luver  by  means  of  a  vulcanite 
vhich  moves  with  little  friction  in  a  brass  tube  connected  with 
B  c^nula  by  means  of  a  t-iiort  connecting  tube. 
m  tho  lower  part  nl  the  tube  (a)  is  placed  in  commonication  with 
the  cavities  of  tho  heart,  tho  movements  of  the  piston  are  re- 
by  means  of  the  lever  (c).  Attached  to  the  lever  is  a  section  of 
'  (h),  the  axis  of  which  coincides  with  that  of  the  steel  ribbon 
itle,  firmly  fixed  to  the  piston,  is  the  curved  steel  piston  rod  (1), 
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from  the  top  of  which  a  strong  silk  thread  (j)  passee  downward  iiil 
groove  on  the  pulley. 

This  thread  (j),  after  being  twisted  several  times  ronnd  a  smi 
at  the  side  of  the  lever,  enters  the  groove  in  the  pnlley  from  above 
ward,  and  then  passes  to  be  fixed  to  the  lower  part  of  the  curve  ( 
piston-rod  as  shown  in  the  smaller  figure. 

The  rise  and  fall  of  the  lever  (c)  is  controlled  by  the  resista 


'•^K 


Flf?.  170.— Apparatus  for  rvcording  the  endocardial  pressure.    (BoUeston.) 


torsion  of  the  steel  ribbon  (e),  to  the  middle  of  whioh  one  end  ( 
lever  is  securely  fixed  by  a  light  screw  clamp  (f).  At  some  dw 
from  this  clamp — the  distance  varying  with  the  degree  of  resii 
which  it  is  desired  to  give  to  the  movements  of  the  lever — are  two 
ers  (Ci.r/)  which  securely  clamp  the  steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hooke's  law,  tl 
sion  being  proportional  to  the  twisting  force — the  movements  ( 
lover  point  arc  proportional  to  the  force  employed  to  twist  thestee 
or  ribbon — in  otlicr  words  to  the  pressures  which  act  on  the  piste 

To  make  it  possible  to  record  satisfactorily  the  very  varying  v< 
ular  and  auricular  pressures,  the  resistiince  to  torsion  of  a  steel  i 
adapts  itself  very  conveniently. 

This  resistance  can  be  varied  in  two  ways,  Ist,  by  using  one  oi 
pieces  of  steel  ribbon  or  by  using  strips  of  different  thicknesses; 
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iDg  the  distance  between  the  holders  (o.o.)  and  the  central  part 

teel  ribbon  to  which  the  lever  is  attached. 

lion's  conclusions  are  as  follows: — 

hat   there  is  no  distinct  and  separate  auricular   contraction 


— Endooardlal  preflsure-ourve  from  the  left  yentiicle.  The  thorax  was  opened  and  a 
xliH3ed  through  the  apex  of  the  ventricle:  absciflsa  (a  line  of  atmospheric  pressure,  o 
nt£t  ventricular  contraction;  from  d  to  the  next  rise  at  o  represents  the  ventricular 
he  notch  at  the  top  of  which  Ls  r  is  a  poet-ventricular  rise  in  pressure  from  below  th&t 
spliere  and  nut  a  pre-systolic  or  auricular  rise  in  pressure. 

in  the  curves  obtained  from  either  right  or  left  ventricles,  the 
-  and  ventricular  rises  of  pressure  being  merged  into  one  con- 
rise. 

lat  the  auriculo-ventricular  valves  are  closed  before  any  great 
•ressure  within  the  ventricle  above  that  which  results  from  the 
r  systole  {a,  fig.  172).    The  closure  of  the  valve  occurs  probably 


^irve  with  dicrotic  summit  from  left  ventricle;  abscissa  shows  atmospheric  pressure. 


3wer  third  of  the  rise  A  b  (fig.  172),  and  does  not  produce  any 

r  wave. 

hat  the  semilunar  valves  open  at  the  point  in  the  ventricular 

situated  (at  o)  about  or  a  little  above  the  junction  of  the  mid- 

pper  third  of  the  ascending  line  (a  b),  and  the  closure  about  or 

before  the  shoulder  (d). 

hat  the  minimum  pressure  in  the  ventricle  may  fall  below  that 

tmosphere,  but  that  the  amount  varies  considerably. 
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Frequency  of  the  Heart's  Action. 

The  heart  of  a  healthy  adult  man  contracts  about  72  times 
minute;  but  many  circumstances  cause  this  rate,  which  of  coursf 
responds  with  that  of  the  arterial  pulse,  to  vary  even  iu  health, 
chief  are  age,  temperament,  sex,  food  and  drink,  exercise,  time  oi 
posture,  atmospheric  pressure,  temperature;  as  follows: — 

(1.)  Age. — The  frequency  of  the  heart's  action  gradually  dimii 
from  the  commencement  to  near  tlie  end  of  life,  but  ifl  said  i 
again  somewhat  in  extreme  old  age,  thus : — 


Before  birth  the  average 

number  of 

About    the     seTentfa 

pulsations  per  minute  is 

150 

year                         .  from 

90 

Just  after  birth            from 

140  to   IIW) 

About  the  fourteenth 

During  the  first  year 

1:J0  to   115 

year 

85 

During    the     8t*cond 

In  adult  age 

80 

.  year 

115  to  100 

In  old  age 

70 

During  the  third  year 

100  to     90 

In  decrepitude   . 

75 

(2.)  Temperament  and  Sex. — In  persons  of  sanguine  tempen 
the  heart  acts  somewhat  more  frequently  than  in  those  of  the  ] 
matic;  and  in  the  female  sex  more  frequently  than  in  the  male. 

(3  and  4.)  Food  and  Drink.  Exercise. — After  a  meal  the  1 
action  is  accelerated,  and  still  more  so  during  bodily  exertion  or  n 
excitement;  it  is  slower  during  sleep. 

(5.)  Diurnal  Variatinu. — In  health  the  pulse  is  most  frequent 
morning,  and  becomos  gradually  slower  as  the  day  advances:  anc 
diminution  of  fro(iuoncy  is  both  more  regular  and  more  rapid  ; 
evening  than  in  the  morning. 

(().)  Postiur, — The  pulse,  as  a  geneml  rule,  especially  in  the 
male,  is  more  fre<[U(»nt  in  the  standing  than  in  the  sitting  postan 
in  the  latter  than  in  the  recumbent  position;  the  difference 
grojitost  bi'twoon  the  standing  and  the  sitting  postures.  The  eff 
change  of  posture  is  greater  as  the  frequency  of  the  pulse  isgi 
and,  accordingly,  is  more  marked  in  the  morning  than  in  the  ev( 
By  supporting  the  body  in  diiTerent  positions,  without  the  aid  of 
cular  eiTort  of  the  individual,  it  has  been  proved  that  the  increase 
quency  of  the  i)ul8e  in  the  sitting  and  standing  positions  is  depe 
upon  the  muscular  exertion  engaged  in  maintaining  them;  the 
elTect  of  these  postures  on  tlio  pulse  being  almost  ent.*elyprei 
when  the  usually  attendant  muscular  exertion  was  rendered  unneo 

(7.)  Atmoaphrrxr  J *rrs.wrr,— The  frequency  of  the  pulse  increi 
a  corresponding  ratio  with  the  elevation  above  the  sea. 

(8.)  Tfmprra/mr. — The  rapidity  and  force  of  the  heart's  a 
tions  are  largely  influenced  by  variations  of  temperature.  The 
heart,  when  excised,  ceases  to  beat  if  the  temperature  be  redu 
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L  (32**  F.).     When  heat  is  gradually  applied  to  it,  both  the  speed 

force  of  the  contractions  increase  till  they  reach  a  maximum.     If 

temperature  is  still  further  raised,  the  heats  become  irregular  and 

t,  and  the  heart  at  length  stands  etill  in  a  condition  of  ''  heat- 

J*    Similar  effects  are  produced  in  warm-blooded  animals.     In  the 

t,  the  number  of  heart-beats  is  more  than  doubled  when  the  tern* 

tore  of  the  air  was  maintained  at  40 ',5  C.  (105°  R).     At  45^  C.  (113^ 

,14*'  F*)>  the  rabbit's  heart  ceases  to  beat. 

In  health  there  is  observed  a  nearly  uniform  relation  between  the 
qoency  of  tbe  beats  of  the  lieart  and  of  the  respirations;  the  proper- 
being,  on  an  average,  1  respiration  to  3  or  4  beats.  The  same  rela- 
is  generally  maintained  in  the  cases  in  which  the  action  of  the  heart 
latuniHy  accelerated,  as  after  food  or  exercise;  but  in  disease  this 
Ijlion  may  cease.  In  many  afTecliuns  uecoinpanied  with  increased 
nency  of  the  heart's  contraction,  the  respinvtion  is,  indeed,  also 
lerated,  yet  the  degree  of  its  acceleration  may  bear  no  detinite  pro- 
lan to  the  increased  number  of  the  heart's  actions:  and  in  many 
r  caiaefi,  the  heart's  contraction  becomes  more  frequent  without  any 
linpanying  increase  in  the  number  of  respirations;  or,  the  respiration 
le  may  be  accelerated,  the  number  of  pnisations  remaining  station- 
or  even  falling  below  the  ordinary  standard. 


(< 


The  Force  of  the  Cardiac  Action. 


:.)  Ventricular. — The  force  of  the  left  ventricular  systole  is  more 
double  that  exerted  by  the  contraction  of  the  right  ventricle:  this 
ierence  results  from  the  widls  of  the  left  ventricle  being  about  twice 
iliree  times  as  thick  as  those  of  the  right.  And  the  difference  is 
pted  to  the  greater  degree  of  resistance  which  the  left  ventricle  has 
overcome,  compared  with  that  to  be  overcome  by  the  right:  the 
having  to  propel  blood  through  every  part  of  the  body,  the  latter 
f  through  the  lungs*  The  actual  amount  of  the  intraventricular 
ssiires  during  systole  in  the  dog  has  been  found  to  be  2 A  inches  (GO 
u)  of  mercury  in  the  right  ventricle,  and  0  inches  (150  mm.)  in  the 

During  dimhle  there  may  be  in  the  right  ventricle  a  negative  orsuc- 
Ipfetture  of  about  |  of  an  inch  (—17  to  —  16  mm.),  and  in  the  loft 
lolofrom  2  inches  to  |  of  an  inch  (—  Tvl  to  —  '^0  mm.).     Part  of  this 
in  pressure,  ruul  possibly  the  greater  part,  is  to  bo  referred  to  the  in- 
lence  of  respiration;  but  ^vitbont  this  the  negative  pressure  of  the  left 
itricle  caused  by  its  active  dilatation  is  about  equal  to  \  of  an  inch 
mm,  )of  mercury. 

The  right  ventricle  is  undoubteilly  aided  by  this  suction  power  of 
left,  80  that  the  whole  of  the  work  of  conducting  the  pulmonary 
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circulation  does  not  fall  upon  the  right  aide  of  the  heart,  bat  is  am 
by  the  left  side. 

(6.)  Auricular. — The  maximum  pressure  within  the  right  anrid 
equal  to  about  \  of  an  inch  (20  mm.)  of  mercury,  and  is  probably  n 
what  less  in  the  left.  It  has  been  found  that  during  diastole  the] 
sure  within  both  auricles  sinks  considerably  below  that  of  the  ati 
phere;  and  as  some  fall  in  pressure  takes  place,  even  when  theth 
of  the  animal  operated  upon  has  been  opened,  a  certain  proportk 
the  fall  must  be  due  to  active  auricular  dilatation  independent  of  r 
ration  in  the  right  auricle,  this  negative  pressure  is  equal  to  i 
—  10  mm. 

In  estimating  the  work  done  by  any  machine  it  is  nsual  to  ex 
it  in  terms  of  the  unit  of  work.  In  England,  the  unit  of  work  i 
foot-pound,  and  is  defined  to  be  the  energy  expended  in  raising  i 
of  weight  (1  lb.)  through  a  unit  of  height  (1  ft.):  in  France, the 
gram-metre.  The  work  done  by  the  heart  at  each  contraction  c 
readily  found  by  multiplying  the  weight  of  blood  expelled  by  the 
tricles  by  the  height  to  which  the  blood  rises  in  a  tube  tied  in 
artery.  This  height  is  probably  about  9  ft.  (3.21  metres)  in  man. 
ing  the  weight  of  blood  expelled  from  the  left  ventricle  at  each  % 
at  6  oz.,  i.e.,  %  lb.,  wo  have  9  x  S  =  3.375  foot-pounds,  or  3.21  X  180 
or  578  gram-metres,  as  tlio  work  done  by  the  left  ventricle  at  eac 
tele;  and  adding  to  this  tlie  work  done  by  the  right  ventricle  ( 
one-fourth  that  of  the  loft)  we  have  3.375  +  .822  =  4.19  foot-poun 
722  gram-metres  as  the  work  done  by  the  heart  at  each  contractioi 

Blood  Pressure. 

The  subject  of  blood-pressure  has  been  already  incidentally 
tioned  more  than  once  in  the  j)rcceding  pages,  the  time  has  now  a 
for  it  to  receive  more  detailed  consideration. 

That  the  blood  exercises  pressure  upon  the  walls  of  the  vesseL 
taining  it,  is  due  to  the  following  facts: — 

First! t/,  that  the  heart  at  e^ich  contraction  forcibly  injects  a  c 
erable  amount  of  blood,  viz.,  4  to  C  oz.  (120  to  180  grms.)  sudden 
quickly  into  the  arteries. 

Secondly,  that  the  arteries  are  already  full  of  blood  at  the 
mencement  of  the  ventricular  systole,  since  there  is  not  sufficien 
between  the  heart  beats  for  the  blood  to  pass  into  the  veins. 

Thirdly,  that  the  arteries  are  highly  distensible  and  stretch 
commodate  the  extra  amount  of  blood  forced  into  them ;  and 

Fourthly,  thai;  there  is  a  distinct  resistance  interposed  to  th 
sage  of  the  blood  from  the  arteries  into  the  veins,  from  the  enc 
number  of  minute  vessels,  small  arteries  (arterioles)  and  capillarii 
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h  the  main  artery  has  been  ultimately  broken  np.  The  pentional 
of  the  capillaries  is  sevenil  hundred  times  that  of  the  aorta,  unci 
riction  generated  by  the  passaf:;e  of  the  blood  throu^^h  these  minute 
Hels  opposes  a  considerable  hindrance  or  resistance  in  its  course, 
resistance  thus  set  up  is  called  peripheral  resistance.  The  fric- 
b  greater  in  the  arterioles  where  the  current  is  comparatively  rapid 
in  the  capillaries  whore  it  is  slow* 

bat  the  blood  exerts  conyidemble  pressure  upon  the  arterial  walls 
eping  them  in  a  stretched  or  distended  condition,  may  be  readily 
11  by  puncturing  any  artery;  the  blood  is  instantly  projected  wi tit 
force  through  the  opening,  and  the  jet  rises  to  a  considerable 
t,  the  exact  level  of  which  varies  with  the  size  of  the  artery  expo- 
ted  with.  If  11  large  artery  be  piincturod,  the  blood  nniy  be  i)ro- 
upward  for  many  feet,  whereas  if  a  snuill  artery  be  similsirly  dealt 
lie  jet  does  not  rise  to  euch  a  height.  Another  marked  feature  of 
fe  of  blood  from  a  cut  artery,  particularly  well  marked  if  the  ycfscI 
irge  one,  and  near  tlie  heart,  is  the  jerky  character  of  tlio  outflow. 
•  artery  bo  cut  across,  the  jet  issues  with  force,  chiefly  from  the 
1  end,  unless  there  is  considerable  anastomosis  of  vessels  in  the 
lorhood,  when  the  jet  from  the  perij)heral  end  may  be  as  forcible 
I  mtermittent  as  that  from  the  other  end.  The  intermittent  flow 
arteries  which  is  due  to  the  intermittent  action  of  the  heart,  and 
represents  the  systolic  and  diastolic!  alterations  of  l>lor>d  pre&^sure, 
B  felt  if  the  finger  be  placed  upon  a  suthciently  superticial  artery. 
Qger  is  apparently  raised  and  lowered  by  the  intermittent  systolic 
tion  of  the  vessel,  occurring  at  each  heart  beat.  This  intermittent 
tion  of  the  artery  is  what  is  known  as  the  Pulse,  to  the  fnrtlier 
sration  of  which  wo  shall  presently  return,  but  we  may  say  here, 
I  a  normal  condition  the  pulse  is  a  characteristic  of  the  arterial, 
absent  from  the  venous  flow.  At  the  same  time  it  must  be  recol- 
that  in  the  veins  the  blood  exercises  a  pressure  on  its  containing 
but  as  wo  shall  see  presently  this  is  small  when  compared  with 
arial  blood-pressure.  As  might  he  expected,  therefore,  tho  blood 
expelled  with  so  much  force  if  a  vein  be  punctured  or  cut,  and 
r»  the  flow  from  tho  cut  vein  is  continuoua  and  not  intorruittent, 
le  greater  amount  of  blood  comes  from  the  peripheral  and  not 

t central  end  as  is  tlia  case  when  an  artery  is  severed. 
result  produced  by  tho  experiment  of  cutting  or  puncturing  a 
Huel  may  be  moditied  by  introducing  into  tho  vessel  a  glass 
fa  calibre  corresponding  to  that  of  the  vessel,  and  allowing  tho 
to  rise  in  it.  If  the  vessel  bo  an  artery,  tho  blood  will  rise 
I  feet,  according  to  the  distance  of  tho  vessel  from  tho  heart,  and 
it  haa  reached  its  highest  point  will  be  seen  to  oscillate  with 
mri-B  beats.     This  experiment  shows  that  tho  pressure  which  the 
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blood  exerts  upon  the  walla  of  the  oontained  arterjp  equals  the 
sure  of  a  column  of  blood  of  a  certain  height;  in  the  case  of  tbi 
bit's  carotid  it  is  equal  to  3  feet  of  blood,  or  rather  more  than  3  U 
water.  In  tho  case  of  the  vein,  if  a  similar  experiment  be^ 
blood  will  rise  in  the  tube  for  an  inch  or  two  only. 

The  usual  niethud  of  estimating  the  amount  of  blood  pr 
somewhat  from  the  foregoing  simple  experiment.     Instead  of  a  ail 
straight  tube  of  glass  inserted  into  the  veBsel^  a  U-shaped  tube  oon 


shown  in  «»*»  Dkuiv.     '"''"*""■  '"""""111  i..i»»uni..(,.r.  k  aoiuowhut  Jtff*r«ut  form  «f  «U 

Jng  mercury,  mercurial  manometer,  is  omiiloyed,  and  the  tn 
18  made  to  communicate  with  it  by  means  of  a  small  canula  wbic 
inserted  into  tho  vcssol,  ami  a  connpcting  t.ibo,  nn  arrangement  be 
made  whereby  the  cam, la,  tnbos,  etc.,  nro  filkd  with  a  saturated d 
BohUmn  to  prevent  the  clotting  of  blood  when  it  is  allowed  to  pas  6 
the  artory  into  tho  apparatna.  T!,o  passage  of  blood  is  prevented  dur 
the  arrangement  of  the  details  of  the  experiment  by  a  pair  of  clamp 
bull-dog  forceps.  The  free  end  of  tho  U-tnbe  of  mercury  conUin 
very  hne  glass  i.iston,  the  bulbous  end  of  which  rtoata  upon  the  sarf 
of  the  mercury,  rising  with  its  rise  and  oscillating  with  its  osciJlatio 
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aoon  as  there  is  free  communication  between  the  artery  and  the  tuba 

mercury,  the  blood  ruehefl  out  and  imshes  before  it  the  nohitiin  of 

ury.     The  mercury  will  therefore  rise  In  the  free  limb  of  the  tube, 

will  continue  to  do  so  uiiLil  a  point  is  reached  which  corresponds  to 

[6  mean  pressure  of  the  blood-vessel  used.     The  Idood- pressure  is  thus 

municftted  to  the  upper  part  of  the  nifrenriul  eolunin;   and  tiie 

nOi  to  which  the  latter  sinks,  added  to  the  height  to  which  it  rises  in 

-ther,  will  give  tlie  height  of  the  mercurial  eolumu  which  the  blood- 

rycfiure  balances:  the  weight  of  the  saline  solution  beitjg  subtracted. 

*or  the  estimation  of  the  amount  of  l)lood  pressure  at  any  given  mo- 

,t,  no  further  apparatus  than  this,  which  is  called  Poiseuillea's  hm- 


^^C  17  4. — LurTwi^B  Tvvrijo^rftfh-    Tl«e  rrianonietpr  Ih  3*lii>wn  ki  (ly^.  17^1.  I*,  fA  E     The  menniry 

&!'  'itiiiH.rr,"*  a  ttiiat  (n   fortn  of  ft  pivfon,  ncjirJy  lliliiig  tlu_i  tubi*^  a  wire  ui 

t#  ni;^'^  stylfi  or  pi^ii  IH  fr>ii(l''4}i  tty  P'^^^iii^  llirnut^ti   Mni  UtroMH  cap  of  tb0 

jE»  i    ' -'•^urr  isoimoiunir-ati-'jl  1^1   tlji*  iiien'ury  by  meaii^of  a  fl^^xNiJe  mecal 

ritnnomefer.is  neeessary;  but  for  noting  the  rarffiftovi^  of  pressure 
'  arterial  system,  as  well  as  its  absolute  amount,  tlie  instrument  is 

Fall  J  combined  with  a  recording  apparatus,  in   this  form  called  a 
wgraph  (fig.  173), 
The  recording  apparatus  consists  of  a  revolving  cylinder  (fig.  173, 
kjt  which  is  moved  by  clockwork,  and  the  speed  of  which  is  capable  of 
ilation.     The  cylinder  is  covcretl  with  ghi7,ed  paper  blackened  in  the 
ae  of  a  lamp,  and  the  mercurial  maTiomctcr  is  so  llxed  (tig.  173,  D) 
its  float  provided  with  a  style  writes  on  i\w,  cylinder  as  it  revolves. 
are  many  ways  in  which  the  mercurial  manometer  may  be  varied; 
[fig.  1 74  is  Been  a  form,  which  is  known  as  Lud wig's  Kymograph.     lo 
ler  to  obviate  the  necessity  of  a  large  quantity  of  blood  entering  the 
of  the  appanituB,  it  is  usual  to  have  some  arrangement  by  means 
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of  which  tb#  marenry  nmj  be  made  to  riae  in  the  tube  of  the  manome 
to  the  level  oorresponiiing  to  the  mean  pressure  of  the  artery  eip 
men  ted  with,  so  that  the  writing  style  simply  records  the  variation*  i 
i\m  blood  pressure  ubovu  liiid  below  the  mean  pressure.     This  is  doat  I 
causing  the  s^xline  solutioni  generally  a  satumted  solution  of 
curbonatu  or  sulphate,  to  fill  the  apparatus  from  a  bottle  suspended! 
height,  !ind  tutpuldo  of  being  raised  or  lowered  as  required  for  tbe| 
pnse»  or  by  injeeting  the  saline  solution  into  the  tube  by  means  i 
syringe.     Tiie  cannla  inserted  ;md  tied  into  the  artery  may  be  of  i 
kinds.     In  one  case  h  fino  glass  tube  is  used  with  the  end  draw*,  outsail 
cut  so  that  its  end  is  obiif|ue,  and  provided  with  a  shoulder  to  pnfTentI 
its  coming  ont  easily*  the  peripheral  end  of  tlie  cut  arterj^  beine  tied  t<rl 
obviate  the  rscape  of  Idood.     By  thit»  means,  the  pressure  com  mint  Kfite«l  I 
to  the  colyriin  f>f  mercury  is  the  forward  and  not  tlie  lateral  pressure  of j 
blood t  or  a  T-caimla  may  be  employed  and  may  be  tiod  into  the  ti 
ends  of  a  divided  artery,  and  the  free  arm  of  the  T  piece  beiQg 


(\/^j 


Fk.  ITT..— Nnpmnl  triu'lnir  «>f  artrriiil  prwwiir*'  in  the  rabhlt  ohtAloed  with  the  momrlftl ki 
l^ajjh.  The  smaller  iiiiiluliitii»nH  eorreNfmnd  wltJi  the  heurt  btiatia;  tlua  larger  ciirve*  with  Uwf 
rattiry  nu>vumciitH.    cHunlon  SatjderMWJ 

to  eommunicsitc  with  the  manometer.     This  communicates  the  latan 
blood  jjressiire* 

As  soon  as  the  experiment  is  completed,  the  writing  float  is  seen^ 
oscilhitc  in  a  regular  jnanner,  liud  a  curve  of  blood  pressure  is  t 
upon  the  smoked  piqier  by  tlio  style  (or,  if  a  continuous  roll  of  unsm* 
paper  bo  iiatd  instead,  by  an  inked  pen),  when  a  figure  similar  \a 
175  will  be  obtained. 

This  iudicatea  two  main  variationa  of  the  blood  pressure:  the  s 
exeiirsioiiH  of  the  lever  eorrcsiionds  witb  Ihr  sifsfah  and  diasfoh 
heart,  and  the  large  curves  correspond  with  the  respirations,  being 
the  respirfiforf/  undulafiom  of  blood  pressure,  to  which  attention 
be  directed  in  the  next  chapter.     Of  course,  the  undulations  s 
are  only  sren  in  records  of  arterial  hlood  jiressure;  they  are  more  cl 
marked  in  the  arteries  nearer  the  he^irt  than  in  those  more  remote, 
the  smaller  arteries  the  amount  of  the  pressure  as  well  as  the  indical 
of  the  systolic  rise  of  pressure,  being,  compamtively  speaking,  small, 

In  order  to  record  the  iniduhitions  of  arterial  pressure,  for  some 
poses  it  is  better  to  use  Fick*g  Spring  Kymograph  than  the  me 
manometer.     Two  forms  of  thid  inatrumeot  are  shown  in  figs.  IT 
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it  consists  of  a  hollow  C-springr,  IHleil  with  flind,  tJio  interior  of 
li  18  iDiuie  to  coijunuriieate  witli  the  artery  by  rneaiia  of  a  tlexible 
1  tube  and  canula.  In  respoiist;  to  tbtj  pressure,  tniuismitted  to 
iterior,  the  spring  tends  to  straighten  itself,  and  the  movement 
produced  is  communicated  by  incatis  of  a  lever  to  a  writing  gt}de 
lo  to  a  recording  apjKiratns.  This  instrument  obviates  tlie  errors 
b  might  be  caused  by  the  inertia  of  the  luercury  in  the  mercurial 
)meter;  it  also  shows  in  more  detail  the  variations  of  tlie  blood 
lure  in  the  vessel  during  and  after  each  individual  beat  of  the  heart* 


ff$^-^A.tonn  of  Pfck^u  Spring:  KymoKTapli  n,  TmIj<'  U*  h*3  vrmnw't^l  with  arU^ry ;  c.  lioUow 
tlie  movement  of  which  moves  b,  tlie  tvriliug  Jcvt^r;  <•>  kltww  to  ifKuUvle  tit^lK^t  ol  b;  d^  t>ut- 
CdcUire  ifpHne;  g,  werew  to  ftx  on  tbi?  u  right  of  tho  uupptm. 


ilfg,  178  18  gcen  a  tracing  taken  with  Fick*s  Kjmogniph  from  an 
■(  a  dog. 

iTe^rds  the  actual  amount  of  blood  pressure,  from  observations 
I  have  been  made  by  means  of  the  mercurial  manometer,  it  has 
[oiind  that  the  pressure  of  blood  in  the  carotid  of  a  rabbit  is  capa- 
*  eapporting  a  column  of  2  to  3.5  inches  (50  to  90  mm.)  of  mercury, 
B  dog  4  to  ?  inches  (100  to  175  mm.},  in  the  horse  5  to  8  inches 
B2OO  mm.),  and  in  man  the  pressure  is  estimated  to  be  about  the 

3  meusure  the  absolute  amount  of  this  pressure  in  any  artery,  it  is 
Muy  merely  to  multiply  the  area  of  its  transverse  section  by  the 
t  of  the  colnmu  of  mercury  which  is  idready  known  to  be  sup- 
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ported  by  ttio  Ijlood-pressuro  in  any  |mrt  of  the  nrterial  system. 
wtiiglit  of  a  colyinn  of  mercury   thus  found  will  represent  the  pr 
<»f  tho  hluod.     CalciilatLHl  i»   this  way,  the  blood -pressure  in  tlie  bun 
aorta  is  etnud  to  1.1)3  kgni, ;  that  in  tliu  aurta  uf  the  horse  being  i 
kgm. ;  and  that  in  the  radial  artery  at  the   human  wrist  only  8 
Supiioaiug  the  muscular  jiowct  of  i\w  right  ventrii-le  to  be  only  nn« 
that  of  the  left,  the  blood  pressure  in  the  puhnonary  artery  will  be( 
1  kgm.     The  amounts  above  stated  represent  the  aiterial  teufiiou  tol 
time  of  the  ventricular  contraction. 


v^irli  itkHjhol.  iM-an  il.  t\  III  wlmli  i                          i  •<  liinrker  I 

t|t5\vnT,\  ant   ihIhi  ti.  i -loi-  mJI,  wtut'li  oih                       .<'  lolhf  f^-i 

h)  I        .                     '  hhli  tuU'  i'  ^Mlil  >jilnfillt'«l  Ntllliluilc  ■■!     ^i-iliitm    ftolijli 

r>  vtf^iji    tilt*    lilitixt    fniiii  i«iLi«iti^    iijIm  llie  IuIi<^  a  lit  J.,  I 

(h  Mk*»r,  wliicli  (L*HU  Ih' apjiU*'*!  t«>  Thi'liMnijm  MirlVux' l'^ 

A,  S4  lt■^^  (or  juijii^ii  iiilt   Mm*   wholi'  ii|qiuratiij«  to  llti^   iiinvlu^  wirfatf;  <',  lai-n-^^  i' 

prtrjAln^:  by  a  rai-k  utnl   plukm   iih»vf';iiiimt  Uie  K>iuu^nt|ilt;  «,  tii'rew  fikt  mljtuil^i. 

tbi*  tiilw-*/. 

The  blmul-preKi^ure  h  greatest  in  iho  lefl  ventricle  and  at  the  beg^n 
nin|^  of  the  aortit,  and  decreases  towanl  the  eapillaries.     It  is  greatet^i 
the  arteries  at  the  period  of  the  veutrioular  systoh?.     The  blood-prr^'  ' 
gradually  lessens  then  as  we  proceed  from  the  arteries  near  the  heart  \o 
those  more  remote,  and  apiiu  from  these  to  the  capillaries,  and  th« " 
along  the  veins  to  the   right  auricle.     The   blood-pressure  in  ttS^ 
veins  is  nowhere  very  great,  but  is  greatest  in  the  Kuiall  vcine»  while  a^ 
the  large  veins  toward  the  heart  the  presanro  becomes  twijntivt^  or  iii 
other  words,  when  a  vein  is  put  in  connection  with  a  mercurial  mAO* 


leter  the  mercury  will  full  in  the  arm  furthost  away  from  the  vein  and 
rise  in  the  arm  nearest  the  vuin»  tlio  action  Ijeiiig  thut  of  suction 

er  than  pressure  forward.  In  the  large  veins  of  tlic  neck  the  ten- 
Hcy  to  suck  in  air  is  especially  marked,  and  is  the  cause  of  death  in 

,e  Burgicjil  operatioos  in  that  region*  The  amount  of  pressure  in  the 
■chial  Tein  is  said  to  syppurt  *J  mm.  of  mercury,  whereas  the  pressure 
the  veins  of  the  neck  nmy  fall  to  a  negative  pressure  of  rather  more 
•n  i  inch  or  —  about  i  to  J  inch  ur  —  3  to  —  8  mm* 

The  variations  of  venous  pressure  during  systole  and  diastole  of  the 
Vt  are  very  slight,  and  a  distinct  pulsti  is  never  f^ccn  in  veins  except 
ler  estraordiiiiiry  eircnmstaijces.  From  ohservatiojis  upon  the  web 
the  frog's  faut,  rhe  tongue  and  mcKoutery  nf  tlie  frog,  tiie  tails  of 
rts,  and  small  lishcs  (lluy  and  Brown )»  as  weil  as  upon   the  skin  ol 

finger  behind  the  nail  (Kriea),  by  careful  estiination  of  the  amount 
jreKsnre  re^fnired  to  empty  tfie  vesselH  of  UUuul  umler  variuus  eornli- 
ns,  it  appears  that  the  blood-pressure  is  subjt'i-t  tn  variations  in 
t  capillaries,  apparently  following  the  variations   of   that    uf   the 
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Ftit   ITSu— NnrntfiJ  uiifTirii  frrw-in^' <iil»OiMitHl  witli  Kick 'fi  kyuiogrupli  111  tUf^  dog. 

iries;  and  that  u]t  to  a  certain  point,  as  the  extnavascular  prnssnre  is 
insaaed^  so  does  the  pidse  in  the  arteriidcs,  capilbirics^  and  veuntes  he- 
more  and  more  evident.  'Jlie  pressure  iu  the  first  Oiise  (wel)  of 
frog's  foot)  has  been  found  to  l»e  ei|nal  te  aliuut  .]  to  '^.  inch  or  14  to 
am.  of  mercury;  in  other  exiieriments  to  be  eijual  to  al)ont  ^  to  i  of 
ordinary  arterial  pressure. 
rhe  arterial  bbHKi-pressure  may  be  made  to  vary  by  variations  of 
r  of  the  tw^o  chief  fai-tors  iqnui  wfii^li  tbe  pressurt-  in  the  vessels 
ds,  viz.,  the  cardiac  t^ontraetions  and  tbe  neripheral  resistance. 
\M^  incre;iS4^  of  bkiod- press  tire  may  be  brdugld-  alxnit  ]\y  eiiiier  (a)  a 
9  frecpient  or  more  forcibI*>  action  of  jlo*  Iienrt,  or  (!►)  by  inerej^se  of 
periphemi  resistance;  and  on  the  otlier  Inunl,  diminntiou  of  tbe 
id-pressure  may  be  produced,  riiber  by  (a)  ;i  dimini^ilicd  force  or  frc- 
Hcy  of  the  contractions  of  the  heart,  or  by  (b)  a  iliminislied  }ieriphe- 
t^eeiBtance.  These  different  factors,  however,  although  varying  con- 
itly,  are  so  combined  that  the  general  arterial  pressure  remains  fairly 
llant;  for  example,  tbe  heart  nuiy,  liy  increased  fr>rce  or  frequency 
Is  contractions,  distinctly  increase  tbe  blood-pressure,  hut  tins  in- 
action is  almost  certainly   followed  by  diminished  peripheral 
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resistance,  unc]  thlis  the  two  altered  conditions  may  balance^  with 
result  of  bringing  back  the  blood-pressure  to  what  it  was  before 
heart  began  to  beat  more  ra])idly  or  more  forcibly. 

It  will  bo  clearly  seen  that  the  circulation  of  the  blood  within 
blood-vessi^ls  must  depend  upon  the  diminution  of  the  pressure  f 
the  heart  to  the  capillaries,  and  from  the  capillaries  to  the  yeiiu^ 
blood  flowing  in  the  direction  of  least  resistance;  we  shall  presentlj 
further  that  the  general  or  local  flow  also  depends  upon  the  rehti 
between  the  heart's  action  and  the  peripheral  resistance,  general  or  li 


Mc.  ir*.i.  S4*li('ina,  slHiwiiiK  t)ii>  n>lutlon  h(>twe«*n  hktoA  pmrnirp^  velocity  of  flow  and  im 
iiiv;<.  III  tlir  aHi'ilcN  raiullariiii.  and  xrlns.  (>nlinuu<Mn*pre«*nt  hi'lirbt  of  pruBHure  uhI  speed o( 
riio  ali>«  iNsii.  /»  « .  ppi»'?^*iit>  zi'n»  pn-sMun'  uiid  »p«'«'<l.  8{iiuv  brtween  Itnw  <i-li  and  d-<  reff 
aiUM  lul  >\>tt>iii :  lii>t\%<i'n  if  i  ami  f  i;.  OMpillarv  K>hU>iiu  mul  beiwcvn  /-0  mad  h-U  Uie  veoou*  Q 
1.UU*  .1   /{  niuals  pi-t'ttburi' ;  hut'  ('  />,  S'ltnl of  How,  aud  llue  E-F^  VMCtilar  anm. 


The  Arterial  Flow, 

Thi*  obaraotor  of  tlio  How  of  blood  through  the  arterial  system 
prmls  to  a  vcrv  ooiisiilorablo  oxtont  upon  the  structure  of  the  art 
walls,  aiul  partiiuilarly  upon  iho  clastic  tissue  which  is  so  highly  d< 
opoil  ill  ihoiii. 

Tlu*  clasiii'  tissuo  lust  of  all  guards  the  arteries  from  the  sudd 
oM'viovl  prossmv  to  whivh  thov  aro  subjected  at  each  contraction  oi 
Ncutrii'lcs.  In  ocrv  suv*h  contraction  as  is  alH>ve  seen  the  content 
the  \cr»t rides  arc  forcc«l  into  the  arteries  more  quickly  than  the] 
Iv  xiiscliar::c.l  ihror,i:h  the  eaiMiiaries.  The  blood.,  therefore,  beinj 
an  ins;;iiit,  res:.<:ei;  iv.  its  ov.warvi  vvurse.  a  part  of  the  force  with  i 
it  \^as  invi^^r.cii  is  li-.reciCil  acaiv.st  t:;e  sides  of  the  arteries;  undei 
fx^r^c  the::-  ela>:i*'  >\alls  vi;I.i:e,  >:retvh:::i:  enough  to  receive  the  I 
av.vi,  as  tl*.e>  s;re:rl;.  beccir.r.  j:  nu^re  tci.se  and  more  resisting.  ' 
b\  \icM*.v,j;  t:u\>  break  the  sluvk  of  iV.t  force  imi^elling  the  blood, 
iho  AuWuioiux'  of  the  pri^^i^suro,  ^hen  the  ventricles  cease  contnu 
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are  able,  by  the  euiiio  elueticity,  to  re^uiiiu  tlieir  forniur  cali- 

tic  tissue  also  equulizi^s  the  current  of  tilood  l>y  miiiiitaiiiiiig 

it  in  the  arteries  duriiij^^  the  period  ut  which  the  vontricleg 

r  are  dilutiug.     If  the  tirtories  were  rigid  tubes,  thf  blood 

flowing,  us  it  does,  in  a  eonsttuit  streinn,  would  be  propelled 

he  arterial  aystem  in  u  series  of  jerks  corresponding  to  the 

r  contractions,  with  iuterviils  of  almoBt  complete  rest  during 

p  of  the  ventrideH.     Hut  in  ttie  actuul  condition  of  the  ves- 

)reeof  tlie  euceessive  eontnictitinsof  the  ventriclof^  ifc;ex}Tended 

Jie  direct  propulsion  of  the  blood,  and  partly  in  tlio  ililatation 

ic  arteries;  and  in  the  intervahs  between  the  contractions  of 

OS.  the  force  of  the  recoil  k  employed  in  continuing  the  on- 

Of  course  the  pressure  exercised  is  equally  dillused  in  every 

d  the  blood  tends  to  move  backward  as  well  ne  onward;  all 

backward,  however,  is  prevented  by  the  closure  of  the  semi' 

,  which  takes  plaee  at  the  very  commencement  ol  the  recoil 

walls. 

the  exercise  of  the  elasticity  of  thf?  arteries,  all  the  force  of 

es  is  expended  n]>on  the  circulation;  fur  that  part  of  the 

ia  u^ed  up  or  rendered  potential  in  dilating  the  arteries  is 

made  active  or  kinetic,  in  full  when  tliey  recoil     There  is 

force;  neither  is  there  any  gain,  for  the  elastic  walls  of  the 

lot  originate  any  force  for  the  propulsion  of  the  blood — they 

m  thtit  which  they  received  frcni  the  ventricles.     It  is  by  this 

influence  of  the  successive  branches  of  every  artery  that  at 

intermittent  aceelenitions  produced  in  the  arterial  current 

Ion  of  the  hearty  cease  to  be  observable,  and  the  jetting  stream 

td  into  the  continuous  and  ofjuable  movement  of  the  Wood 

pee  in  tlie  capillaries  and  veins.     In  the  production  of  a  con- 

i^m  of  blood  in  the  smaller  arteries  and  capillaries,  the  re- 

lich  is  offered  to  the  blood-stream  in  these  vessels  is  a  ueces- 

Were  there  no  greater  obstacle  to  the  rsatpe  of  blood  from 

irteries  than  exists  to  its  fjdrancc  into  them  from  the  heart, 

?would  be  intonnittont,  notwithstanding  the  elasticity  of  walla 

us  of  the  elastic  and  muscular  tissue  in  their  walls  again  the 
i  enabled  to  dilate  and  contract  readily  in  correspondonoe 
iemporary  increase  or  diminution  of  the  total  fjuantity  of 
le  body;  and  within  a  certain  range  of  diminution  of  the 
jU  to  exorcifio  due  pressure  on  their  contents.  The  elastic 
fcer  assists  in  restoring  the  nornnd  channel  after  diminution 
re,  whether  this  has  been  caused  by  a  contraction  of  the  nuis* 
or  by  the  temporary  application  of  a  compressing  force  from 
This  action  is  well  shown  in  arteries  which,  having  contracted 
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by  mcauB  of  their  muscular  elemeut,  after  death  regain  their  ati 
potency  on  the  cessation  of  post-mortem  rigidity. 

The  office  of  the  muscular  coat  also  is  employed  to  adjust  the 
of  the  blood  locally,  to  regulate  the  quantity  of  blood  to  be  received 
each  part  or  organ,  and  to  adjust  it  to  the  requirements  of  each, 
ing  to  various  circumstances,  but,  chiefly,  according  to  the  activity 
which  the  functions  of  each  are  at  different  times  performed, 
amount  of  work  done  by  each  organ  of  the  body  varies  at  different 
and  the  variations  often  quickly  succeed  each  other,  so  that,  as  in 
brain,  for  example,  during  sleep  and  waking,  within  the  same  hoari 
part  may  be  now  very  active  and  then  inactive.  In  all  its  active 
cise  of  function,  such  a  part  requires  a  larger  supply  of  blood  tha 
sufficient  for  it  during  the  times  when  it  is  comparatively  inactive 
is  evident  that  the  heart  cannot  regulate  the  supply  to  each  part  at 
ferent  periods:  neither  could  this  be  regulated  by  any  general  and 
form  contraction  of  the  arteries:  but  it  may  be  regulated  by  the 
which  the  arteries  of  each  part  have,  in  their  muscular  tissue,  of 
tracting  so  as  to  diminish,  and  of  passively  dilating  or  yielding  so 
permit  an  increase  of,  the  supply  of  blood,  according  to  the  requiremtfl 
of  the  part  to  which  they  are  distributed.  And  thus,  while  the  venti 
cles  of  the  heart  determine  the  total  quantity  of  blood,  to  be  sent  on^ 
at  each  contraction,  and  the  force  of  its  propulsion,  and  while  the  In 
and  merely  elastic  arteries  distribute  it  and  equalize  its  stream,  H 
smaller  arteries,  in  addition,  regulate  and  determine,  by  means  of 
muscular  tissue,  the  proportion  of  the  whole  quantity  of  blood  vM 
shall  be  distributed  to  each  part. 

This  regulating  function  of  the  arteries  is  governed  and  diieetal 
the  nervous  system  in  the  way  to  be  presently  described. 

The  muscular  clement  of  the  middle  coat  also  co-operates  with  \ 
elastic  in  adapting  the  calibre  of  the  vessels  to  the  quantity  of  Uoi 
which  they  contain.  For  tlie  amount  of  fluid  in  the  blood-vessels 
very  considerably  even  from  hour  to  hour,  and  can  never  be  quite 
stant;  and  were  tlie  elastic  tissue  only  present  the  pressure  exerdi 
by  the  walls  of  the  containing  vessels  on  the  contained  blood  would 
sometimes  very  small,  and  soinetimt?s  inordinately  great.  The  pi 
of  a  muscular  element,  however,  provides  for  a  certain  uniformity  in 
amount  of  i)ressure  exercised;  and  it  is  by  this  adaptive,  uniform, | 
tie,  muscular  contraction,  that  the  normal  tone  of  the  blood-v( 
maintained.  Deiiciency  of  this  tone  is  the  cause  of  the  soft  and  yk 
ing  pulse,  and  its  unnatural  excess  of  the  hard  and  tense  one. 

The  clastic  and  muscular  contraction  of  an  artery  may  also  be  I 
garded  as  fulfilling  a  natural  puri)ose  when,  the  artery  being  cut,itflj 
limits  and  then,  in  conjunction  with  the  coagulated  fibrin,  arrests  fl 
escape  of  blood.     It  is  only  in  consequence  of  such  contraction  and  o 
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»iioD  tliAtweare  fxee  from  diingt^r  tijruugh  even  very  sligijt  wounds; 
is  only  when  tlie  iirtery  is  closed  that  the  {jroceBses  for  the  more 
tmnentsinil  secure  preTeution  of  bleeding  are  establislied.     But  there 
irs  no  reason  for  siipposiiig  thnt  the  museiilar  coat  assists,  to  more 
m  very  small  degree,  in  propelliug  the  onward  current  of  blood. 

The  Pulse. 

lie  most  characteristic  feature,  then,  of  the  arterial  flow,  is  its  in- 

ittency,  and  this  iDtermitteiit  flow  is  Been  or  felt  as  the  Pulse. 

'he  pulse  is  generally  described  as  an  expansion  of  the  artery  pro- 

td  by  the  wave  of  bloud  set  \n  motion  by  the  injection  of  blood  at 
Tentrieular  systole  into  the  already  full  iturta.     As  the  force  of  the 

Tentricle.  however,  ia  not  expended  in  dilating  the  aorta  only,  the 
of  blood  passes  on,  expanding  the  arteries  as  it  goes,  running  as  it 
on  the  surface  of  the  more  slowly  travelling  blood  already  con- 
1  in  them,  and  producing  the  pulse  as  it  proceeds. 


Fig.  tSQL— Marey'fi  8pliygmogroph»  motiifled  by  MoliomtKl. 


ffae  distention  of  each  artery  increases  both  its  length  and  its  diam- 
In  their  elongation,  the  arteries  change  their  form,  the  straight 

becoming  slightly  curved,  and  those  already  curved  becoming  more 
t  they  recover  their  previous  form  as  well  as  their  diameter  when 
itricular  contraction  ceases,  and  tlieir  elastic  wails  recoil  The 
of  their  curves  which  accompanies  the  distention  of  arteriea, 
gucceeding  recoil,  may  be  well  seen  in  the  prominent  temporal 
of  an  old  person.  In  feeling  the  pulse,  the  flngcr  cannot  distin- 
the  sensation  produced  by  the  dilatation  from  that  produced  by 
^nglltion  and  curving:  that  which  it  perceives  most  plainly,  how- 

W  the  dilatation,  or  return,  more  or  less,  to  the  cylindrical  form,  of 
tery  which  has  been  partially  flattened  by  the  finger. 
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Tlio  pulse — iluu  to  uiiy  given  boat  of  the  heurt — is  not  perceptik 
at  tlic  Bunie  moment  in  all  the  arteries  of  the  body.  Thus,  it  cia 
felt  in  the  curotid  a  very  short  time  before  it  is  perceptible  in  the 
artery,  and  in  this  vessel  agiiin  before  it  occurs  in  the  dorsal  artoj^ 
the  foot.  The  delay  in  the  beat  is  in  i>roportion  to  the  distance  of 
artery  from  the  heart,  but  the  dilTcrence  in  time  between  the  belt 
any  two  arteries  probably  never  exceeds  (  to  i  of  a  second. 

A  distinction  must  l)e  carefully  made  between  the  psissage  of 
wave  along  the  arteries  and   the  arterial  flow  itself.     Both  wave 
current  are  present;  but  the  rates  at  which  they  travel  are  very  diffei 
that  of  the  wave  1C.5  to  33  feet  per  second  (5  to  10  metres),  being  twod 
or  thirty  times  as  great  as  that  of  the  current. 

The  Sphygmograph. — Much  light  has  been  thrown  on  what 
be  called   the  form  of  the  pulse  wave  by  the  sphygmograph  (figs, 
aiul  183).  •  The  principle  on  which  it  acts  will  be  seen  on  reference 
!i«^ures. 

The  small  button  replaces  the  finger  in  the  act  of  taking  thepil 
and  is  made  to  rest  lightly  on  the  artery,  the  pulsations  of  which  il 
desired  to  investigate.  The  up-and-down  movement  of  the  button 
commnniciited  to  the  lever,  to  the  hinder  end  of  which  is  attachel 
slight  spring,  which  allows  the  lever  to  move  up,  at  the  same  time 


Ki^  1>1.— l>ia.:rjiiii  of  tlit*  lover  of  tlM*S|ibygmo|rrapli. 

il  is  just  Strong  enough  ti»  rosisi  its  making  any  sudden  jerk,  and  in  I 
iutonal  of  I  ho  boats  also  to  assist  in  l)ringing  it  back  to  its  orig 
posiiiou.     Kor  ordinary  i»ur])osos  the  instrument  is  bound  on  the  i 
^ig.  IS*J>. 

It  is  o\iiloin  that  thi'  l»o:itinjr  of  the  pulse  with  the  reaction  of  I 
spriv.g  will  vMuso  an  up-:nui-dow:i  movement  of  the  lever,  the  poi] 
whioh  will  writo  tlio  otTiv:  o::  a  sniokrd  oani,  which  is  made  to  moT 
oKvkwi^rk  i:.  tl.o  ilirniio:;  of  ilu'  arruw.     Thus  a  tracing  of  the 
is  ol^taiv.od.  :ir.ii  \\\  :\\\>  \\:\\  uwich  nuTo  diiio^ae  effects  can  be  seen  I 
OAU  Iv  fol:  on  tb.o  apj^liv-aii^*:;  o:  tho  tir.ger. 

TV o  forms  viT  sphvjrn^^rai'h   ;*,n^  shown  in  fics.   ISO.   Is8.  viz..  ai 
tUMx  of  tho  or\ j:\nal  luMnniu  nt  of  Many  an»i  l^hulgt^Mi's.     Malay's  in 
aiM  uuKhnI  Ml  nuxhtioatious  of   it.  MitTer  fixMu  the  defect  that  theiv  is  not 
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^lcxl  of  nieAflUriDK  t'**-^  pressure  pxeiciseri  by  tlu»  button  of  the  inatru 
ipciu  the  artery,  and  that  it  ih  UttTieiilt  to  l>e  certain  of  the  exac't  |>tJMitiou 
pieN  OTar  the  artery.  Dudgeim'fi  H|)hygrjiograi>h,  ahhoygh  very  cfjpven- 
p  uae,  ia,  aoconling  to  Hoy  mid  Adami,  even  le»s  Rjitisfaetury.  and  the 
19  oblmined  by  it  are  bo  disfigured  by  ]ti4:'rtia  vihratiunH  n»  to  render 
Dore  or  leas  worthless.  **TIie  meehunical  construction  uf  thu  instrumenl 
k  as  to  render  great  inertia  vibrations  unavoidatile*"*    Tlieee  authors  have 


Fl(f,  IBS.— Ths  Sphyifmofrraph  applied  to  the  arm. 


led  an  instrument  called  a  Kphyf^ometor,   in  which  theap  deferta  of  the 
dgraph  are  corrected, 


principle  of  the  sph7g:iiiometer  of  R(»y  and  Adarni  is  nhown  in  the  dia- 

ji«)M]tltiis  consists  of  a  Itox,  (n)  whicli  is  niDiibkHl  to  fit  over  the  end  of 
Itifl  sa  as  to  bridge  over  tho  radial  arti^ry.  Within  tliiw  is  a  flexible  l»ap: 
d  Willi  water,  and  coDnert^Ml  by  a  T  tube  with  a  mhlicr  bag  (h)  and 
mI  manometer.  The  fluid  iu  tlio  box  may  be  raist^d  to  any  desired 
-.  2Ui«l  tnay  then  bo  shut  ofT  by  Up  (r).  At  the  iipfM^r  part  of  the  box  is 
I  -  ning,  and  restiuK  hih'U  {b)  is  a  flat  button  (d),  wbicli  by  meAns 
t  rod(c)  cominuiiicates  the  movemeut  of  {b}  to  the  leverl/).  To 
I  ol  rvtatioa  o^  this  lever  le  a  spiiai  watch-Bprlng  (gr)  whlohcta  bo  tight- 


Fl^.  1S4.— DlAj^rrammittie  spctloDo]  rt'prc^v'iUsntioB  nf  thin  fiphjgnMnDeter  ntoy  and  Adui 
Box  In  whJch  the  iiortlou  of  tht^  iirti-ry  in  indoAi^d ;  h,  thin-wfrlledtDdin'rubber  has  fllted  vllfe 
Aod  oomuvunfi^Atlbf?  tlirr>ii^1i  lAp,  p,  with  umitoTiifter  and  tiiiok-walkd  rubber  \mx>  &;  ^,  pM 
B«cted  by  rod, «-,  with  rix-ordlu^  lever, /:  r/.  wpiral  siiririK  uttArhcd  to  axis  Of  lerer.  «io^ 
tliapreflsum  In  h,  ui^aliist  the  pwtou,  cl,  iit  t'oiin^*riui,liu]<:>ed;  Jb,  skftmnd  tubcutaiieouf  Unoa; 
of  radiuB aeeu  In  section;  n,  nditd  lU-Lery  «ieen  In  stx^Uun. 


The  tracing  of  the  pulse  (sphygmogram),  obtained  by  the  i 
the  Bphygniognipb,  ililTert*  sorjiewhat  iiceoriJiiig  to  the  artery  upon  i 
it  IB  appiiud,  but  its  genernl  I'hiimettM's  ari^  rimeh  the  same  in  nil 
It  consists  of :— A  sudden  upstroke    (fig.  185,  a)^  which  is  somi 


Fig.  19$,*Dl&|rnhm of  pulse  tnuiiag.    a,  lTp«trokH{  b,  down-itrok$;  Ci  prMlorotio 
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T  and  more  abrupt  in  the  pulso  of  tho  carotid  and  of  other  arteries 

the  heart  than  in  tho  radial  and  other  arteries  more  remote;  and 

daal  douliue  (u),  less  abrupt*  and   therefore  taking  a  longer  time 

(a).      It  is  seldom,  however,  that  the  deeline  ig  an  uninterrupted 

i;  it  ifi  usually  marked  about  hulf-waj  by  a  distinct  notch  (c),  caUed 

dicroite  notch ^  which  is  caused  by  a  second  nioro  or  less  marked  as- 

i  of  tljo  lever  at  that  point  and  by  a  seeond  wave  called  the  dicrotic 

(d)  ;  not  unfrefjuently  there  is  also  soon  after  the  commencement 

Ilia  descent  a  slight  ascent  previous  to  the  dicrotic  notch:  this  is 

fed  the  pre-dicrotic  tmre  (c),  and   in  addition  there  may  ho  one  or 

slight  ascents  after  the  dicrotic,  called  post-dicrotic  (e)* 
The  interruptions  in  tho  down  stroke  are  called  the  kaiacrotic  waves, 
distinguish  tliem  from  an  interruption  in  the  upstroke,  the  anacroiic 
we,  which  is  sometiraea  met  with. 

Tlie  explanation  of  these  tracings  presents  some  difficulties,  not, 
pwever,  as  regards  the  two  primary  factors,  viz.,  the  upstroke  and 
Eiwnfftroke,  because  they  are  universally  taken  to  mean  the  sudden  in* 
ion  of  bhxid  into  tluj  ah-eady  full  arteries,  and  tlie  gradual  fall  of 
lever  signifying  tho  recovery  of  the  arteries  by  their  recoih  These 
intA  may  bo  demonstrated  on  a  system  of  clastic  tubes,  with  a  syringe 
pomp  in  water  at  regular  intervals,  just  as  well  aa  on  the  radial 
tery,  or  on  the  more  complicated  system  of  tubes  in  which  the  heart, 
arteries,  the  capillaries  and  veins  are  represented,  which  is  known 
an  ft r ferial  Mhemtt.  If  we  place  two  or  more  eplivgmographa  upon 
fch  a  system  of  tubes  at  iucreasing  distances  from  the  pump,  wo  may 
BQcinstrate  first,  that  the  rise  of  the  lever  commences  earliest  in  that 
iresi  tho  pump,  and  Becondly,  that  it  is  higher  and  more  sudden, 
le  at  a  longer  distance  from  the  pump  the  wave  is  less  marked,  and 
ttle  later.  So  in  the  arteries  of  the  body  the  wave  gradually  gets  less 
lesB  aB  we  approach  the  periphery  of  the  arterial  system,  and  is  lost 
;be  capillaries. 
The  origin  of  tho  secondary  waves  is  still  a  matter  of  uncertainty. 


Ft^.  Jj4(l,— AoacroitG  pul&e  from  a  ea^*  of  aurUc  aneiiriMtn, 


a nuerciic  wd^ro  occm^  vfhen  the  peripheral  resistance  is  high;  that 
len,    for  some  time  during  the  systole,  the  flow  from  the  aorta 
ird  the  periphery  is  slower  than  tho  flow  from  the  ventricle  into  the 


232 


HANDBOOK   OP  PHT8IOL0OT. 


aorta.     Thus,  it  is  soon  iu  some  casos  of  Dophritis  where  the  artoi 
rigid  and  the  poriphoral  resistance  high. 

Tho  dicrotic  wave  is  the  most  important  of  the  aecondary  wan 
has  been  the  snbject  of  much  discussion.  It  is  constantly  pra 
pulso-tracingSy  but  varies  in  height.  In  point  of  time  the  dicroti 
occurs  immediately  after  the  closure  of  the  aortic  semilunar  tsItc 
certain  conditions,  generally  of  disease,  it  becomes  so  marked  ti 
quite  plain  to  tho  unaided  finger.  Such  a  pulse  is  called  dtcroite, 
most  generally  accepted  view  of  tho  cause  of  the  dicrotic  wave  is 
represents  a  rebound  from  the  closed  aortic  valves.  During  sysi 
the  blood  is  forcibly  injected  into  the  aorta,  there  is  as  it  were  ai 
distention  of  the  artery.  The  systole  suddenly  ends,  the  aorta 
son  of  its  elasticity  tends  to  recover  itself,  the  blood  ia  drivei 
against  the  semilunar  valves,  closing  them  and  at  the  same  time 
rise  to  a  wave — the  dicrotic  wave — which  begins  at  the  heart  and 
onward  toward  the  periphery  like  tho  primary  wave.     According 


Fiif.  1>»T.— A,  Normal  p«lK*-tmoinp  from  radial  of  healthy  adult,  obtaiiiM  by  the  tqi>hTg 
li,  VT\m\  fiaitio  ait(*ry,  with  tho  s;uuo extra -nrtc'rial  pn^Hsuiv,  taken  diinng acute  nasal  o 

tor,  the  rouditions  favoring  tlio  development  of  dicrotism  are 
highly  cxtonsi])lo  and  olastic  nrtorial  wall;  ('2)  a  comparatively  lo^ 
blood  prossuro,  leaving  tho  oxtonsililo  reaction  free  scope  to  act 
vigorous  and  rapitl  stroke  of  the  ventriele,  discharging  into  the 
considorablo  <|nantity  of  blood. 

The  other  secondary  waves  are  probably  due  to  the  elastic  r( 
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teries,  though  somo  of  them  at  least  may  be  due  to  the.  inertia  of 
struments  used. 

the  use  of  the  sphygmograph  care  must  be  taken  as  to  the  careful 
tion  of  the  pressure.  If  the  pressure  be,  too  great,  the  characters 
I  pulse  may  be  almost  entirely  obscured,  or  the  artery  may  be 
ly  obstructed,  and  no  tracing  is  obtained;  and  on  the  other  hand, 
pressure  is  too  slight,  a  very  small  part  of  the  characters  may  be 
snted  on  the  tracing. 


Blood-Pressure  Measurements  in  Man. 

number  of  instruments  have  been  devised  for  estimating  blood* 
re  in  man  for  clinical  purposes.  Some  of  these,  though  excellent 
iciple,  are  too  complicated  for  general  use.     The  first  simple  and 


Mir-  188.— Rlra-Rocvf  appdratiis  (schematic)  for  dftcrmlnlnff  »»l<>o<l-pn'88uro  In  man. 


mately  accurate  form  of  apparatus  was  that  devised  by  Riva- 

1  1806.     This  has  been  modified  and  improved  in  minor  points 

•ut   the  principles  of  the  original  instrument  remain  practically 

e. 

►rief,  the  apparatus  (fig.  188)  consists  of  the  following  parts:  an 

,11  be  which  can  be  adjusted  about  the  arm  or  forearm  (fig.  188,  -^-1); 

ary  manometer  (fig,  188,  B)  connected  with  this  tubo  aod  also 
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with  Roino  form  of  air-jntmp  (fig.  188,  /*)  used  for  inflatiSfl 
aWiU  tfiu  urm  luict  tliuiit  exorting  pressure  upon  its  blood-ve 
elaatic  tube  ii  covered  by  eomo  inelastic  ti^ue.  such  aaale 
(fig.  188,  ('),  in  nrJer  tbitt  thvi  iufifttion  of  the  tube  maj  cansftl 
increase  of  pressure  to  be  exi^rtcd  upuu  the  encased  arm«  By  iai 
the  tube  until  the  pulse  at  the  wriet  juat  disappearej 
height  of  tlte  column  of  mercury  in  the  intinometer,  the 
systolic  pressure  is  obtained  in  millimetres  of  mercnry.  If  DO 
}treBdure  on  the  arm  is  reduced  until  the  widest  osciUations 
mercury  column  are  olitjiined  and  the  lowest  position  of  tbo  m 
meniscus  is  read  all,  the  luiniinum  or  disistolle  blood •preararejj 
mated. 


be  mSiHI 


The  Capillary  Flow. 

It  19  in  the  capillarie*!  that  the  chief  resistance  is  offered  j 
ress  of  the  blood ;  for  in  them  the  friction  of  the  blood 
creiiaed  by  the  enormous  mnltiplioation  of  the  surface  witt 
brought  in  contuet* 

When  the  ctipiUary  circulation  is  examined  in  any  transp 
of  a  full-grown  living  animal  by  means  of  the  microscope  (fig.l 
blood  is  seen  to  flow  with  a  cnnstant  equable  motion;  the 
corpuscles  moving  along,  mostly  in  single  file,  and  bending] 
ways  to  accommodate  tbemselveH  to  the  tortuous  course  of  the  < 
but  in&tiintly  recovering  their  normal  outline  on  reaching  a  wider 

At  the  circumference  of  the  stream  in  the  larger  capillari 
sepeeially  well  marked  in  the  sjiiall  arteries  and  veins^  in  cont 


wmJI  rgto'V  (.after  AlNi>  ThmmatQ*  I 


tho  walla  of  th<^  vesad,  and  adhering  to  lhem»  there  is  a  layer 
which  appDara  to  bo  inotiunlrss.  The  ezialeiioe  of  this  s^ 
aa  it  it!t  t«nned«  it  infernal  both  from  •the  general  fact 
o^e  exisU  iu  all  Sue  tubes  traTenid  by  fluids  and  from  whi 
9een  is  watohljig  the  motfmeiiti  of  tbo  Uood-ocupiiMdei. 


thi 


:i 


occupy  the  middle  of  the  stream  and  move  with  comparative 
the  colorless  corpuscles  run  much  more  slowly  by  the  walla  of 
;  while  next  to  the  wall  there  is  often  a  trunsparent  space  in 
fluid  uppcmra  to  be  at  rest;  for  it  any  of  the  corpuscles  hap- 
forced  within  it,  they  move  more  slowly  than  before,  rolling 
,g  the  side  of  the  vessel,  and  often  adhering  to  its  wall,     Part 
|»w  movement  of  the  colorless  corpuscles  and  their  occasional 
anay  be  due  to  tlndr  having  a  nH-tiiral  tendency  to  ad  lie  re  to 
tot  the  yeaseia.     Sometimes,  indeed,  when  the  motion  of  the 
)iot  strong,  many  of  the  white  corpuscles  collect  in  a  capillary 
id  for  a  time  entirely  prevent  the  paiSiige  of  the  red  corpuscles, 
I  the  peripheral  resistance  is  greatly  diminished  by  the  dilata- 
le  small  arteries  and  capillaries,  so  much  blood  passes  on  from 
the  arteries  into  the  capillaries  at  each  stroko  of  the 
heart,  that  thero  h  not  sutlieiont  remaining  in  the 
arteries  to  distend  them.     Thus,    the   intermittent 
current  of  the  ventricular  systole  is  not  converted 
into   a   continuous  stream    by  the  elasticity  of  the 
arteries  before  the  capillaries  are  reaebed ;  and  ao  in- 
termittency    of    the   flow  occurs  both   in  capillaries 
and  veins  and  a  pulse  is  ]>rodueed.     The  same  ])he- 
nonicno!!  may  occur  when  the  arteries  become  rigid 
from  disease,  and  when  the  beat  of  the  heart  is  so 
slow  or  80  feeble  that  the  blood  at  each  cardiac  sys- 
tole has  time  to  pass  on  to  the  capillaries  before  the 
.i^g  1        next  stroke  occurs;  the  amount  of  blood  sent  at  each 
VK|\       stroke   beiug    insufficient   to    properly   distend  the 
1  \  elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence 
of  any  transudation  from  the  interior  of  the  capil- 
hiries  into  the  niid.it  of  the  surrounding  tissues  was 
confined,  in  the  absence  of  injury,  strictly  to  the 
fluid  part  of  the  blood;  in  other  words,  that  the 
corpuscles  could  not  escape  from  the  circuhiting 
stream,  unleas  tliewall  of  the  containing  blood-vessel 
ired.  It  is  true  that  an  English  physiologist,  Augustus  Waller, 
|in  1S46,  that  he  had  seen  blotKl-corpuscles,  both  red  and  white, 
ly  through  the  wall  of  the  ciipillary  vessel  in  which  they  were 
I  (thus  confirming  what  had  been  stated  a  short  time  previously 
an);  and  that, as  no  opening  could  be  seen  before  their  escape, 
puld  be  observed  afterward — so  rapidly  was  the  part  healed, 
,  obfiervations  did  not  attract  much  notice  until  the  phenome- 
lape  of  the  blood-corpuscles  from  the  capillaries  and  minute 
rt  from  mechanical  injury,  were  re-discoYored  by  Cobnheim 
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CobulK)im'8  oxperiment  (lomonstrating  the  passage  of  the  corpi 
through  the  wall  of  the  blood-vessel  is  performed  in  the  following 
ner.  A  frog  is  ourarized,  that  is  to  say,  paralysis  is  produced  bjeji 
under  the  skin  a  minute  quantity  of  the  poison  called  cunui;  in 
abdomen  having  been  opened,  a  portion  of  small  intestine  is  drawi 
and  its  transparent  mesentery  spread  out  under  a  microscope, 
a  variable  time,  occupied  by  dilatation,  following  contraction  « 
minute  vessels  and  accompanying  quickening  of  the  blood-stream, 
ensues  a  retardation  of  the  current,  and  blood-corpuscles,  both  re 
white,  begin  to  make  their  way  through  the  capillaries  and  small 

The  white  corpuscles  pass  through  the  capillary  wall  chiefly 
amcnboid  movement  with  which  they  are  endowed.  This  migrati 
curs  to  a  limited  extent  in  health,  but  in  inflammatory  condit 
much  increased. 

The  process  of  diapedesis  of  the  red  corpuscles,  which  occurs 
circumstances  of  impeded  venous  circulation,  and  consequently  ini 
blood-pressure,  resembles  closely  the  migration  of  the  leucocyte 
the  exception  that  they  are  squeezed  through  the  wall  of  the  vess 
do  not,  like  the  leucocytes,  work  their  way  through  by  amoeboid 
roent 

Various  explanations  of  these  remarkable  phenomena  have  bei 
gested.  Some  believe  that  pseudo-stomata  between  contiguous 
thelial  cells  provide  the  moans  of  escape  for  the  blood -corpuscles 
the  chief  share  in  the  process  is  probably  due  to  mobility  and  c 
tion  of  the  parts  ooneerned — both  of  the  corpuscles  and  of  the  a 
wall  itself. 

The  circulation  through  the  capillaries  must,  of  necessity,  be 
intlueneed  by  that  wliieh  occurs  in  tlie  vessels  on  either  side  of  1 
in  the  arteries  or  the  veins;  their  intermediate  position  causing  t 
feci  at  once,  so  to  speak,  any  alteration  in  the  size  or  rate  of  the  i 
or  venous  blood-stream.  Thus,  the  apparent  contraction  of  the  < 
ries,  on  the  application  of  certain  irritating  substances;  and  durir 
and  their  dilatation  in  blusliing  may  be  referred  primarily  to  the 
of  the  small  arteries. 

Purpose  of  the  Capillaries.— It  is  in  the  capillaries  tl 
ultimate  function  of  the  blood  otvnrs,  for  it  is  here,  in  these  thin 
ves*»ls,  that  all  exeliangos.  nutritive  and  iiasoous,  between  the  blc 
the  tissues  take  plaoe.  It  is  in  those  vn:»ssels  also  that  the  velo 
flow  is  lojvst,  while  tlie  pressure  is  intermediate  l>etween  that 
arteriiHi  and  veins.  The  phvsieal  eoiulitions  therefore  are  such  8 
the  exchange  Wtween  tlie  bloivl  and  the  tissues. 


The  Venous  Flow. 

Thclilood'Curreiit  iu  the  vi^ins  in  maiutaiiiutl  (u)  prioiarily  by  the  vis 
'goof  the  coutraftion  of  the  left  ventricle;  but  very  effectual  uaaist- 
»tutljollow  is  alTurdud  (b)  hj  the  action  uf  the  iimscles  capable  of 
Mfig  uu  the  veins  with  valvess,  ua  well  us  (e)  by  llie  unction  action  of 
btiart,  aud  (d)  aspiration  of  the  thorax. 

'he  eilect  of  inuscular  presaiire  upon  the  circidation  niay  be  thus 
lined.  When  pressnro  is  applied  to  any  part  of  a  vein,  and  the 
ntof  blood  in  it  is  obstructed,  the  portion  behiiui  the  seat  of  presa- 
lecomes  swollen  and  distended  ad  far  baek  as  the  next  juiir  of 
!,  which  are  in  consequence  closed.  Thus,  whatever  force  is  exer- 
hv  the  presBure  of  the  muscles  on  the  veins,  is  distributed  partly 
'Bgiug  the  blood  onward  in  the  proper  course  of  thu  circulatioD^ 
iirtly  in  pressing  it  backward  aud  closing  tlie  valves  behind, 
le  circulation  might  lose  as  much  as  it  gains  by  such  an  action,  if 
re  not  .for  the  nimierotis  comniunications,  one  with  another;  for 
gh  these,  the  closing  up  of  the  venous  cliaunel  by  the  backward 
ro  js  prevented  from  being  any  serious  hindrance  to  tho  circiila- 

fnce  the  blood,  of  which  the  onward  course  is  arrested  by  the 
Alves,  can  at  once  pass  tbrougli  some  anastomosing  cbaonel,  and 
id  on  its  way  by  another  vein*  Thus,  therefore,  the  effect  of  mus- 
preijsure  upon  veins  which  have  valves,  is  turned  almost  entirely 
advantage  of  the  circulation;  the  ]n'essure  of  the  blood  onward 
idvantageous,  and  the  pressure  of  the  blood  backward  m  prevented 
Ueing  a  hindrance  by  the  closure  of  the  valves  and  the  anastomoses 
ireins. 

le  venous  flow  is  also  assisted  by  the  suclion  action  of  the  heart, 
at  sonjc  time  during  every  cardiac  cycle  the  intra-auricular  and 
exitricular  pressure  falls  below  that  of  tho  atmosphere. 
le  aspiration  of  the  thorax  will  be  considered  more  fully  in  the 
>r  on  Hespiration*  In  this  connection  it  may  be  said,  however, 
pressure  in  the  great  veins  falls  during  inspiraiiou  and  rises 
xpiratiou. 


The  Velocity  of  the  Flow. 

m  veTocity  of  the  blood-currcut  at  any  given  point  in  the  varioui 
'US  of  the  cjrculatt*ry  system  is  inversely  proportional  to  their  sec- 
area  ut  that  point.  If  the  sectional  area  of  all  the  branches  of  a 
united  were  always  the  same  as  that  of  the  vessel  from  which  they 
md  if  the  aggregate  sectional  area  of  the  capillary  vessels  were 
to  that  of  the  aort;i,,  the  mean  rapiditjof  the  blood's  motion  in  the 
ries  would  be  the  same  as  in  the  aorta;  and  if  a  similar  corre* 
race  of  capacity  existed  in  the  veins  and  arteries,  there  would  be 
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Ill]  i^tjual  corre8]K)ndtii)C49  in  the  rapiility  of  the  oircalation  iDtbem* 
the  arterial  and  venuUB  systenia  may  bo  represented  by  two  train 
C0B08  with  their  upicps  directed  toward  the  heart;  the  arwi  o( 
united  base  (the  eeetional  area  of  the  capilhiries)  being  400 — iS<X'tun*j 
as  great  as  that  of  the  truncated  apex  representing  the  aorta.  Tlaij 
the  velocity  of  blood  in  the  capOlaries  is  not  more  than  i^  of 
the  aorta. 

In  the  Arteries. — The  velocity  of  the  stream  of  blood  is 
the  arteries  than  in  any  other  part  of  the  circulatory  system,  and  in 
it  is  greatest  in  the  neighborhood  of  the  heart,  and  during  the  T6 
lar  systole.  The  rate  of  movement  diminishes  during  the  diaatofe' 
the  ventricles,  und  in  the  parts  of  the  arterial  system  most  distant  &« 
the  heart.  Cimuveau  has  estimated  the  rapidity  of  the  blood-stresm 
the  carotid  of  the  Ijorse  at  over  20  inches  per  second  during  the  beii 
systokj  and  nearly  ti  incljes  during  the  diastole  (520-150  mm.),  (! 
fig.  179.) 

Estimation  of  the  Velocity. — Various  instruments  have  been  devised 
measuring  iliu  vt4oLMi>  ut  the  IjIihrI  ntreaoi  in  tlu*  aru^rie»,  Ludwig's  SfraM 
(%.  191)  couKirttH  of  II  U  «bi4>ed  ^latia  tulw  dilutud  at  tf  and  a',  the  eodi 
which,  h  anil  *,  ar*^  of  known  calihre,  Tht?  bulbs  can  be  filled  by  a  cxjiaf 
opt^ning  at  k,  TUu  intjtrunji'iit  i^  hi»  (.-untrivrJ  that  at  b  and  h  tlie  glass  ptf 
firmly  lixed  itittj  metal  t-yliuders,  attached  to  a  cil 
lar  horizontal  table,  c  c',  capable  of  horizontal  BU 
nu^nt  on  a  KimUar  table  d  d  aliout  the  vertical  I 
riKU"k*.Ml  in  tig^ure  by  a  dotted  line.  The  opening  m 
wheo  the  iiii^trnttiont  1:^  in  puBittoii^  as  in  fig*i  i 
resijonde  exactly   with   those   in   d  d' ;    but  i£  t  { 


FIbt-  IftL— hudwlR'^  Rtmmiihr, 

Pfg.  19S.— Iijaprajii  of  Chauveau's  liTKinimpnt.  a.  Brass  tube  for  f titrmiiictkm  lUto  iht  I 
the  ftrt^ry,  atuI  i-ouunnh]^  uii  lii<lei  iii^il+s  \%hicli  paHHt-g  thrfju|?h  th<*#la«tc  m*anl»miie  in  it*i 
and  movfA  by  thi^  Imptilsf'  of  tbii<  bliKKl-ciiiTeut.  c.  Graduated  fl<eale»  for  tneasuriDg  the  exiei 
tbe  otBcillatioutt  of  tlm  iiecdlt?. 


turned  at  right  anglos  to  it«  present  position,  there  is  no  commnnication 
tween  h  and  n.  and  i  and  a  ,  but  h  tumninni caters  direi^tly  with  i;  aiM 
turned  through  twu  right  angles  &  conimuuicataH  with  d,  and  c  with  d, 
them  ia  no  direct  coinuiuuicatiou  between  h  and  i.     The  experiment  u  | 
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ed  inlh*?  following  way  :— The  artery  tu  \n?  experimeuteJ  upon  «8  divided 
"nuiia'ted  witli  two  cauula*  o.m\  tiibt^s  which  fit  it  acrumU'ly  with  h  and 
ibec(?Qti"aJ  end.  and  i  the  iieripheml  ;  Ihe  bulb  a  is  (illed  with  olive  nil  up 
fiojjat  nither  lower  thun  Ar,  iuid  a'  and  the  retuaiuder  of  a  is  filled  with 
iaited  bltwKl ;  the  tul>e  on  k  is  then  earefully  elariiiKHl ;  the  tubes  d  and 
pK)  IiIUhI  with  delibriniited  btiHKj.  When  everything  18  ready,  the  blood 
iwed  to  flow  ititti  a  thrungli  It,  and  it  pusheft  brfon*  it  the  oil,  and  that 
Sbrinated  blood  into  the  artery  through  i,  and  re|»laeea  it  in  a' ;  when  the 
reaches  the  former  level  of  the  oil  in  (/  ,  the  disc  e  c  is  turned  rajddly 
b  two  right  angles,  and  the  hluod  llowini^  through  d  into  a*  again  dia- 
^e  oil  which  is  driven  into  a.  This  ts  repeated  several  timeB.  and  the 
IQ  of  the  exijerinient  nott'd.  The  raiwu'ity  of  a  und  a'  is  known  ;  the 
er  of  the  artery  ia  aliwj  known  by  its  corresyjonding  with  the  canula?  of 
diameter,  and  as  i\n^  numW^r  of  times  a  has  tie«.n  fil!e<l  in  a  given  time 
m,  the  velocity  of  the  enrrent  can  Ir»  ciilculat^-d. 

UTeau'a  inslruiyenl,  tig.  102,  coUHiHtis  uf  a  thin  brass  tnl>e,  a  in  one  side 
sh  is  a  small  VM^rforation  rl^»std  l»y  lliin  vulcanized  india-rubber.  Pairw- 
rough  the  rubber  U  a  tine  lever,,  one  end  i>f  which,  bli*^htly  tlattened, 
\  into  the  InmcH  of  the  tnUs  while  the  ntlier  ni«nes  over  llie  face  of  a 
rhe  tul*e  19  inHerttHi  into  thi^  interior  ufiuj  artt^ry,  and  ligatnn^  applied  to 
10  tJiat  tlie  niuveinent  of  the  blm>d  may,  in  flowing  through  the  tube,  be 
ad  by  the  niovt.nut*nt  of  the  ouk*r  e;ttreniity  uf  the  lever  on  the  face  of 
L 

BixmaiQchAmietcr  of  Vierordt,  and  the  instrument  of  Lortet,  resemble  in 
Hmt  of  Chauveau. 


I 


Ihe  Cnpiilaries.^ThQ  observatioD  of  Hales,  E.  II.  Weber,  and  Val- 
kgree  very  closely  us  to  the  rate  of  the  blood -curreiii  in  the  capil- 
»f  the  frog;  and  the  mean  of  their  csiimates  gives  the  velocity  of 
Umic  capillary  circulation  at  about  one  inch  {2b  mm.)  per  miu- 
Phe  velocity  in  the  capillaries  of  warni-bloodcd  animals  iis  greater* 

dog  jV  ^^  i2u  iii*^'li  (»■-*  t"^  -'^'^  nun.)  u  second*  This  may  seem 
stent  with  the  facts,  which  show  tliut  the  whole  circulation  is 
dished  in  about  half  a  miiuito.     lUit  the  whole  length  of  eapiUary 

through  which  any  given  portion  of  blood  has  to  pass,  probably 
)t  exceed  from  ^'^th  to  ^th  of  an  inch  (.5  mm.);  and  therefore 
f  jreqnired  for  each  quantity  of  blood  to  traverse  its  own  appointed 
Pbf  the  general  csqiilhiry  system  will  acureely  amount  to  a  second. 
ths  l^eiHit, — The  velocity  of  the  blood  is  greater  in  the  veins  than 
capillarieg,  but  lees  than  in  the  arteries:  this  fact  depending  upon 
itive  cupucities  of  the  arterial  and  venous  systems.  If  anaccnnite 
te  of  the  proportionate  areas  of  arteries  and  the  veins  correspond- 

Fm  could  be  made,  we  might,  from  the  velocity  of  the  arterial 
[ilcuhite  that  of  the  venous,  A  usual  estimate  is,  that  the  ca- 
the  veins  is  about  twice  or  three  times  as  great  as  that  of  the 
^nd  that  the  velocity  of  the  blood's  motion  is,  therefore,  about 
■hroe  times  as  great  in  the  arteries  as  in  the  veins,  8  inches 
m.)  a  second,  Tlie  rutc  nt  wliicli  the  blood  moves  in  the  veins 
increases  the  nearer  it  api»roacbes  the  heart,  for  the  Bectlanal 
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area  of  tho  venous  trunks,  compared  with  that  of  the  branches  openin; 
into  them,  becomes  gradually  less  as  the  trunks  advance  toward  fill 
heart  (see  lig.  171)). 

Of  the  Circulation  (ls  a   Wliole. — It  vrould  appear  that  a  portion 
blood  can  traverse  the  entire  course  of  the  circulation,  in  the  hone,! 
half  a  minute.     Of  course  it  would  require  longer  to  traTerse  the 
of  the  most  distant  part  of  the  extremities  than  to  go  through  thott 
the  neck;    but  taking  an  average  length  of   vessels   to  be  tnvt 
it  may  bo  concluded   that  half  a  minute  represents  the  average 
Stewart  states  that  the  circulation  time  in  man  is  probably  not  le« 
twelve  nor  more  than  fifteen  seconds. 

Satisfactory  data  for  these  estimates  are  afforded  by  the  resolti 
experiments  to  ascertain  the  nipidity  with  which  poisons  introduced 
the  blood  are  tmusmitted  from  one  part  of  the  vascular  system  to 
other.     The  time  required  for  the  passage  of  a  solution  of  pol 
ferrocyanide,  mixed  with  the  blood,  from  one  jugular  vein  (through 
right  side  of  the  heart,  the  pulmonary  vessels,  the  left  cavities  of 
heart,  and  the  general  circulation)  to  the  jugular  vein  of  the  op] 
side,  varies  from  twenty  to  thirty  seconds.     The  same  substance 
transmitted  from  the  jugular  vein  to  the  great  saphena  in  twenty 
onds;  from  the  jugular  vein  to  the  masseteric  artery  in  between  fil 
and  thirty  seconds;  to  tlie  facial  artery,  in  one  experiment,  in  betw( 
ten  and  fifteen  tfocoiuis;  in  another  experiment  in  between  twenty  i 
twenty-five  seoonds;  in  its  transit  from  the  jugular  vein  to  the  metatm 
sal  artery,  it  occupied  between  twenty  and  thirty  seconds,  and  in 
instanoe  more  than   forty  seconds.     The  result  was   nearly  the 
wliatever  was  the  rate  of  the  heart's  action. 

In  all  these  experiments,  it  is  assumed  that  the  substance  injecti 
moves  with  the  blood,  and  at  the  same  rate,  and  does*  not  move  froi 
onr  \K\r{  of  the  organs  of  eirculation  to  another  by  diffusing  itsdl 
through  the  lilood  or  tissues  more  quickly  than  the  blood  moves.  Thi 
assumption  is  sulliciciitly  probal>le  to  be  considered  nearly  certain,  thi 
the  times  above  mentioned,  as  occupied  in  the  passage  of  the  injecti 
substances,  arc  lliosc  in  which  the  portion  of  blood,  into  which  eec 
was  injected,  was  carried  from  one  i»art  to  another  of  the  vascular  systei 

Another  mode  of  csliiuatinir  tlie  general  velocity  of  the  circulfttip 
blood,  is  by  calculatini:  it  from  the  quantity  of  blood  supposed  to  I 
containeti  in  the  body,  and  from  the  quantity  which  can  pass  throii^ 
the  heart  in  each  of  its  actions.  r>ut  the  conclusions  arrived  at  by  th 
method  arc  less  s;»tisfactory.  For  thi-  total  quantity  of  blood,  and  ik 
capacity  of  the  cavities  of  tlic  luart.have  as  yet  been  only  approximate 
jiscertainrd.  Still  tiic  most  i^anful  of  the  estimates  thus  made  accd 
very  nearly  with  those  alrcaily  mentioned:  and  it  may  be  assumed  th 
tho  bKKHl  may  all  pass  through  the  heart  in  about  twentj-five  geconda. 


Local  Peculiarities  of  the  Circulation. 

most  remarkuble  peculiarities  titteiidinfr  tlio  circulation  of  Hood 
Ugh  diflerent  organs  are  observed  in  the  ciises  uf  the  brain,  the  erec- 
jMr^ana,  the  Jnnris,  the  Href ,  nm\  t!ie  Hditef/s. 

^n  the  Brfii?i.—FoT  the  due  perform:mco  of  its  functions  the  hrain 
ires  a  large  supply  of  blood.     This  object  ie  effected  through  the 
ftber  and  she  of  its  arteries,  the  two  luternal  cMrotidfi,  und  the  two 
tebmla.     It  i*;  farther  necessary  that  the  force  witli  which  thia  blood 
lent  to  the  brain  shfuild  be  hm^  or  at  least  ehouM  be  snbject  to  less 
*tiou  from  exteniiil  eircum stances  than  it  is  in  other  ptirts,  and  so 
I  large  art fri eg  are  very  t«»rtuous  and  nna^toniotie  freely  in  the  circle 
WilUs,  which  thu.s  insures  that  the  supply  uf  hlood  to  the  brain  is 
brm,  though  it  may  by  an  accident  lie  diminished,  or  In  some  way 
|Dgpd»  through  one  or  more  of  the  principal  arteries.     The  transit  of 
llirge  arteries  through  bone,  especially  the  carotid  canal  of  the  tem- 
l  bone,  may  prevent  any  undue  distention;  and  uniformity  of  sup- 
farther  insured   hy  tfte  arrangement  of  the  vessels  in  the  pia 
V  in  which*  previous  to  their  distribotion  to  the  siibstjince  of  the 
the  large  arteries  break  up  and  divide  into  iMnumernble  mhmte 
tbes  ending  in  capillaries,  which,  after  frequent  communication 
one  another ♦  enter  tl»e  brain,  and  carry  into  nearly  every  jmrt  of  it 
Tin  and  e<pud>k»  strcauis  of  blood.     The  arteries  are  also  enveloped 
spifciiil  lymphatic  sheath.     The  arrangement  of  the  veins  within 
nium  is  also  |M'culiar.     ^rhe  birge  venous  trunks  or  sinuses  are 
liHl  so  as  to  he  scarcely  ca]>al>le  of  change  of  size;  and   composed, 
\ey  are,  of  the  tough  tissue  of  the  dura  mater,  and,  in  some  instances 
nded  on  one  side  by  the  bony  craninm,  they  are  not  compressible  by 
fvircp  which  the  fulness  of  the  arteries  might  exereise  tbrougli  the 
«L»nce  of  the  brain;  nor  do  they  ailmit  of  distention  when  the  flow 
renous  Idood  from  the  braiu  is  i*bstructed. 

The  general  ruuforuiity  in  the  sup[ily  of  Idood  to  the  brain,  which 
hsK  secured,  is  well  adapted,  luit  only  tn  its  ftinctiiois,  but  also  to  its 
iiiht»n  as  II  ni;i8s  of  nearly  incoTopressible  substance  phiced  in  a  cav- 
witfi  unyielding  walls.  Tlicse  conditions  of  the  brain  and  skull  for- 
ipi>e^ircd,  indeed,  enough  to  justify  the  opinion  that  the  quantity 
it  in  the  brain  must  be  at  all  tiuies  t!u^  same.  But  it  was  found 
imiuials  bled  to  death,  without  any  aperture  being  made  in  the 
M,  the  brain  became  pale  aud  ana^mir*  like  other  parts.  And  in 
mm  stnmgling  or  drowning,  there  was  coT^gcsiiitu  of  the  eercd^ral 
;  while  in  ileath  by  prussic  acid,  t!u>  quantity  of  blood  in  the 
f  the  cranium  was  determined  hy  the  position  in  whitdi  the  arii- 
-  placed  after  death,  the  cerebral  vi^hsels  heiug  cougestcil  when 
jiuil  WHS  suspended  with  its  bead  downward,  and  comparatively 
jiy  whf?ti  the  animal  was  kejit  suspended  liy  the  ears.     Tlius,  it  was 
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concludod,  althougli  the  total  volume  of  the  oontenU  of  the  cnmion 
probably  iH3arly  alwayii  the  «anie,  yet  the  quautity  of  bipod  in  itu 
to  variatiun>  its  increase  or  diuiiuution  being  accoiiipauied  by  a  lii 
taiieuus  diminution  or  iucrease  in  the  quantity  of  the  cerebi 
fluid,  which,  by  readily  admitting  of  being  removed  from  one  put 
the  brain  and  spinal  cord  to  another,  and  of  being  rapidly  afaeorbodi 
ai  readily  effused,  would  serve  as  a  kind  of  supplemental  fluid  to 
other  contents  of  the  cranium,  to  keep  it  uniformly  tilled  in 
variations  in  their  quantity.  And  there  can  be  no  doubt  tkit,  altl 
the  urran^pnu^ntfiof  tlio  hlood-vi'S«<^lrt,  to  whi(^h  rof»>n»noe  has  been 
injure  to  tlif  brain  an  iiniouiit  (if  bliioii  which  iss  tulerably  uniform, 
inasniiu'li  as  willi  rwrv  IjlmI  of  llie  heart  and  every  act  of  rt'SpinS 
and  under  many  other  einnnifitani'esj,  the  quantity  of  blood  inthei 
ity  of  tiie  orunium  is  constantly  \aryin;j:,  it  is  plain  that,  were  tl 
not  imivision  made  for  tlu*  post^ible  (lis]thKM*nient  of  sonicof  thecimi 
of  the  unyiehling  bony  ciuse  in  which  the  brain  is  contained,  there W( 
be  often  alternations  (»f  excessive  ]>ressure  witii  insuflleient  eupplj 
blood. 

la  Erfctilv  Sfrurfarcs, — The  iuRtimoes  of  greatest  variation  in 
(|uantity  of  blood  contained,  at  difTerent  times,  in  the  nime  orguii 
found  in  certain  structures  which,  under  ortlinary  eircumstanoM, 
soft  an<l  llaccid,  but,  at  certain  times,  receive  an  unusually  large  qi 
tity  of  Itlood.  luTohic  distended  and  swollen  by  it,  and  i):iss  into  tlieii 
which  hjis  been  termed  mrtitni.  Such  strndurcs  are  the  mr/ttjro 
Husii  and  cnr/iU.H  aiHnniiusiini  tif  the  }M*nis  in  the  male,  and  the  ch'iori^ 
the  female;  and,  to  a  less  degree,  the  m'p/ih'  of  the  nianunary  gland 
both  sexes.  The  corpus  <'avcrnosum  ]>enis,  which  is  the  Ijest  e: 
of  an  cr4M*tilc  st met nri',  lias  an  external  lil»rous  membraueor  sheath; 
from  the  inner  surface  of  tlir  latter  are  ]n*ol(»nge(]  nnmenuis  fine  lame 
wliirl)  dividr  its  cavity  into  small  compart nients  looking  like  cells  wk 
tlu'V  are  inllatrd.  AVithiu  tiicsc  is  situated  the  ]dexns  of  veins  np( 
wliii  li  tlh' pcrniiar  crrctii*'  property  of  tlic  organ  mainly  de|^nil& 
consists  of  short  vrins  whicli  very  ol(»scly  interla<*e  and  anastonu^ei 
eacli  otluM*  in  all  tiinM'ti(»ns,  and  admit  of  great  variations  of  size, 
lajising  in  the  passive  state  of  the  organ,  but,  for  erection,  oajvidJeof 
amount  of  dilatation  wliidi  exceeds  beyond  comparison  that  of  i 
arteries  and  veins  whicli  convey  tlie  ]d(Kul  to  and  from  them. 
strong  lilu'ous  tissnr  lying  in  tlic  intervals  of  the  venous  )dexuse8,ll 
the  external  librous  mcnibrane  or  sheath  with  which  it  is  conned 
limit  tile  distention  of  the  vessels,  and,  during  the  stato  of  erection, 
to  the  penis  its  condition  of  tension  and  firmness.  The  same  gem 
condition  of  vessels  exists  in  the  corpus  spongiosum  uretlirse,  but  aro< 
the  urethra  the  fibrous  tissue  is  much  weaker  than  around  the  bodj 
the  peuis,  aud  arouud  the  glans  there  is  uoue.     The  Tenons  blood 
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amed  from  the  plexuses  by  comparatively  small  veins;  those  from 
»  glans  and  the  fore  part  of  the  urethra  empty  themselves  into  the 
ml  veins  of  the  penis;  those  from  the  cavernosum  pass  into  deeper 
HB  which  issue  from  the  corpora  cavernosa  at  the  crura  penis;  and 
MM  from  the  rest  of  the  urethra  and  bulb  pass  more  directly  into  the 
izna  of  the  veins  about  the  prostate.  For  all  these  veins  one  condi- 
gn is  the  same;  namely^  that  they  are  liable  to  the  pressure  of  muscles 
iwn  they  leave  the  penis.  The  muscles  chiefly  concerned  in  this  action 
» the  erector  penis  and  accelerator  urina;.  Erection  results  from  the 
kientiou  of  the  venous  plexuses  witii  blood.  The  princi|>iil  exciting 
•Me  in  the  erection  of  the  penis  is  nervous  irritation,  originating  in 
hapart  itself,  or  derived  from  the  brain  and  spiual  cord.  The  nervous 
Whence  is  communicated  to  the  penis  by  the  pudic  nerves,  which  ram- 
%in  its  vascular  tissue;  and  after  their  division  in  the  horse  the  penis 
k BO  longer  capable  of  erection.  ^ 

This  inflnx  of  the  blood  is  the  first  condition  necessary  for  erection, 
id  through  it  alone  much  enlargement  and  turgescenee  of  the  2)enis 
■y  ensue.  But  the  erection  is  probably  not  complete,  nor  maintained 
r  any  time  except  wlien,  together  witli  this  influx,  the  muscles  already 
Mitioned  contract,  and,  by  compressing  the  veins,  stop  the  efflux  of 
lod^  or  prevent  it  from  being  as  great  as  tlie  influx. 

It  appears  to  be  only  the  most  perfect  kind  of  erection  that  needs 
B  help  of  muscles  to  compress  the  veins;  and  none  such  can  materially 
itt  the  erection  of  the  nipples,  or  that  amount  of  turgescenee,  just 
ling  short  of  erection,  of  which  tlie  spleen  and  many  other  parts  are 
Mible.  For  such  turgescenee  nothing  nioro  soems  nwessary  than  a 
ge  plexiform  arrangetnent  of  the  veins,  Jiiul  surh  arteries  as  may  ad- 
t,  upon  occasion,  augmented  (|uantities  of  bltujd. 

J%e  eircttlafion  in  the  Lint(;s,  lAvd'y  and  Kidneys  will  be  described 
ier  their  respective  heads. 

The  Regulation  of  the  Blood-Flow. 

The  flow  of  blood  is  not  always  the  same,  but  vjirit's: — 

(a.)   With  alterations  in  the  force  aiul  frocjuoncy  of  the  contractions 

of  the  heart;  and 
(b.)  With  variations  of  the  peripheral  resistance. 

It  is  obvious  that  the  flow  of  blood  may  be  increased  under  the 
lowing  circumstances: — 

(a.)  If  the  force  and  frequency  of  the  heart's  beats  be  increased,  and 
tho  peripheral  resistance  be  (1)  unchanged,  or  be  ('Z)  diminished. 

(b.)  If  the  force  and  frequency  of  the  heart  bo  unchanged,  and  the 
peripheral  resistance  be  diminished. 
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And  may  on  the  other  hand  be  diminished:— 

(c.)  If  the  force  and  frequency  of  the  heart's  beats  be  diminid 
and  if  the  peripheral  resistance  be  (1)  unchanged^  or  be  (2) 
creased. 

(d.)  If  the  force  and  frequency  of  the  heart's  beats  be  nnchuif 
and  the  peripheral  resistance  be  increased. 

When  the  force  and  frequency  of  the  heart's  contractions  are 
creased  and  at  tlie  ssune  time  the  periphenil  resistance  is  incresBed, 
flow  may  be  increased,  dimiiiished^  or  un(;hanged^  according  as  eithei 
the  two  fai^torH,  one  of  whic^li  tends  to  increase  the  flow,  and  theot 
to  diminish  it,  is  more  markedly  increased,  or  if  they  are  balanced.  ' 
complemental  proposition  is  nUo  true,  that  the  flow  may  be  increa 
diminished,  or  unchanged,  when  the  force  and  frequency  of  thehei 
^contractions  are  diminislied,  and  tlie  ]iori])1ieml  resistance  is  diininis 

The  conditions  of  increased  flow  and  of  increase  of  blood  pna 
are  not  the  same.  Indeed,  tlie  greatest  lilood-flow  may  occur  when 
blood  pressure  is  low,  t.r.,  wlien  tlie  periphenil  resistance  is  dimini 
and  tlie  heart's  heat  is  increased  or  is  unchanged.  In  fact  there  ia 
one  condition  in  which  increased  blood-flow  is  accompanied  by  incn 
blood-pressure,  viz.,  when  the  heart's  beat  is  increased  and  the  per: 
ral  resistance  is  unchanged. 

It  will  be  necessary  now  to  consider  (a)  the  wai/s  in  which  the 
and  fretjuoiiri/  of  tin*  hrarTs  hutts  arc  rcf/iilnfed  ;  and  also  (b)  the  wa 
which  the  jioriphrrid  rcsifilanre  is  increased  or  diminished.  We 
afterward  bo  in  a  better  position  to  discuss  the  variations  of  b 
pressure  produced  by  different  combinations  of  cardiac  and  ar 
alterations. 

(a,)  The  force  and  frequency  of  the  contractions  of  the  I 
may  be  considered  to  depend  upon: 

1.  The  pro})erties  and  condition  of  the  heart-muscle  itself; 

2.  The  influence  of  the  central  nervous  system; 

*3.  The  amount  of  tlu^  blood  passing  into  the  heart's  cavities; 

4.  The  amount  of  ])re8sure  to  be  overcome. 

6.  The  coronary  circulation. 

Each  of  these  factors  must  be  considered  seriatim. 

1.  77ie  2)r()perties  of  the  heart -mnscle, — It  has  already  been  poi 
out  that  in  structure  the  innscnlar  libres  of  the  heart  dilTcr  fromski 
muscle  on  tho  one  hand,  and  from  unstri])ed  muscle  on  the  other,  occ 
ing,  as  it  were,  an  intermediate  position  between  the  two  varieties, 
heart-muscle,  however,  i)ossea8es  a  property  which  is  not  possessed  by  8 
tal  muscle,  or  by  unstriped  muscle  to  rih^Ii  a  degree,  namely,  the  pro] 
of  rhythmical  contractility.     Tho  property  of  rhythmic  contnw 
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3WB  hj  tliQ  action  of  tlio  heart  within  tho  bod}-;  its  sjstolo  is  fol- 
1  by  its  cliajstule  in  riigtiiar  ^tM|UeDre  t]irouglmut  the  lifo  of  the 
idual.  The  fore*?  and  frequency  of  the  sygtole  may  vary  from  time 
me  as  occasion  reqiiirGs,  but  tliere  is  no  interruption  to  the  action 
It  normal  heart,  or  any  interference  with  its  rhythmical  contrao- 
U  Further,  we  find  that  in  :in  auinuil  rupidly  bled  to  death,  tlie  heart 
iiiues  to  beat  for  a  time,  varying  in  duration  with  the  kind  of  ani- 
experimentally  dealt  with,  and  in  the  entire  absence  of  blood  within 
leart-ebanibers;  and  still  furtlier,  if  the  heart  of  an  animal  be  re* 
&d  from  the  body,  it  stilh  for  a  varying  time,  con  tin  ties  its  alternate 
ilic  and  diastulic  movements.  Thus  we  see  that  the  power  oi 
kmic  contraction  depends  neither  upon  connection  with  the  central 
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mB  system,  nor  yet  upon  the  stimnhUion  produced  by  the  presence 
ood  within  its  chambers  -it  is  automatic.  The  canse  of  this 
imic  power  has  been  the  subject  of  mnch  discussion  and  experi- 
al  oliserv.ition.  Up  to  a  cf>nipanttivelY  shcut  time  ago,  the  remark- 
property  of  the  heart  to  continue  it«  rhythmical  coutraetions  after 
iral  from  the  body  was  believed  to  be  connected  in  some  way  or 

with  the  presence  t»f  collections  of  nerv^  cells,  or  ganglia  in  sev- 
>arts  of  it8  tissue.  Although  this  idea,  as  we  shall  presently  see,  has 
been  very  generally  given  up,  it  may  bo  as  well  to  describe  shortly 

ganglia  in  this  place  j  they  have  been  studied  more  particularly 
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in  tho  heart  of  tho  frog,  of  tho  tortoise,  and  of  other   coM-1 
animals. 

In  the  frog's  heart  (fig.  193)  these  ganglia  consist  of  thre 
groups.  The  first  group  is  situated  in  tlie  wall  of  the  sinosi 
at  the  junction  of  the  sinus  with  the  right  auricle  (RemakU 
second  group  is  placed  near  the  junction  between  the  auricles  ai 
tricio  {Uulder^s)\  and  tlio  third  in  the  septum  between  the  a 
(n.  UezoUrH), 

The  nerve  cells  of  which  these  ganglia  are  composed  arege 
unipolar,  and  seldom  bipolar;  sometimes  two  cells  are  said  to < 
tho  same  envelope,  constituting  the  twin  cells  of  Dogiel.  Tl 
are  largo,  and  Imvo  very  large  round  nuclei  and  nncleoli  (fig 
Ganglion  colls  have  not  been  found  in  the  lower  part  of  the  ventr 

As  regards  the  automatic  mw 
of  tho  heiirt  removed  from  the  b 
('hief  knowledge  has  been  derive 
tho  study  of  the  hearts  of  the  fr 
tortoise. 


V^c  WW 

y\c.  lUV  I'ours*'  of  \\\^  n«»r\-«»s  in  tho  auricular  {virtition  wall  nf  the  heart  of  a  frog, 
hranoh:  «\  \i*iitn»l  hi-nnoli      vbVkor. » 

►  lu  H^V.  l*W*i«»»l  luTve  t-^'lls  fn»ui  iIh*  frtv:*"  heart.  I.  Usual  fonn.  II.  Twin  cell.  ( 
N,  luiohnts;  N  .  muUs^his:  /'.  pr»HN»««      iFn»iu  Keker.^ 


If  rtMuovoil  fn>m  tho  body  ontiro.  tho  frog's  heart  will  con< 
Ivat  for  nianv  btuirs  ami  ovon  da>\<.  and  tho  boat  has  ik>  apparen 
onoo  fnun  tho  boa*  of  ti\o  hoart  boforo  ronunal:  it  will  take  plac 
havo  nuMilionod.  without  tho  prosoiuv  of  bb,x>*l  or  other  fluid  wi 
ohHUiU^rs.  Not  v^iUy  is  this  tho  vaso.  but  tho  auriolos  and  ventri 
bo  rut  oiT  from  tho  sinus,  ar.il  both  ]^ar:s  vvntinuo  to  pul&ite,  s 
thor  tho  Hurii'los  ma>  *v  vlivi»ii\:  froTv.  :ho  vontriclo  with  the  sam< 
If  tho  Itoart  Iv  x;;\u;^sl  U  v^tliw.so.  ::>  parts  will  continue  to 
rhythmioali\.  av,d  liu*  anr\  los  i*^ay  br  ^'i;:  v.p  ir.ro  pieces.,  and  th< 
^dl  vvntpuio  thoir  nu*\o?v.o!^:s  ^'i  x\\\\\\\v.\y\\\  vor.tnunion. 

h  imU  Iv  thus  s«vv,  \\\.\\  \\w  r\\\\\\\\\w:%\  ir.ovomonts  appea 
num*  markiM  in  tho  par;^  suvp'.uv.  '  >  :";:o  ^ri'^^iia.  as  the  apicsil 
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ho  ventricle,  in  wljich  gungliti  liavo  not  been  found,  does  not,  under 
inary  circuojatancea,  possosa  tlio  power  of  automatic  rnovement. 
It  ba8|  however^  been  aliown  by  OudkeU  tlmt  tbe  extreme  apex  of  the 
ktiiclc  of  the  heart  of  the  tortoise,  which  roivtiuna  no  ganglia,  may 
ler  appropriate  stimuli  be  made  to  contriieL  rhytlimieully.  This 
jrea  that  the  mustnilar  tissue  of  the  lieart  iteelf  is  cuimble  of  rhyth- 
M  coutmction  independent  of  tlie  ganglia.  Thus  it  seems  probable 
Kl  the  rhythmic  contnictility  of  clje  heart  its  a  power  inherent  in  th© 
IBCular  tissue,  which  is  qnito  iiuiependent  us  far  iis  its  commencement, 
mny  rate,  is  concerned  of  nerve  inlhience. 

The  hcairt-muscde  e^tliibits  another  property  which  distingnifihes  it 
fttn  orfHnary  skeletal  mn^cle,  viz,,  tbe  wny  in  whicli  it  reacts  to  stimuli, 
latter  as  will  be  described  at  greater  length  in  its  appropriate  place, 
slightly  to  u  slight  stimulus  above  the  minimal,  and  with  an  in- 
of  the  strength  of  tbe  Btimnti  will  give  increasingly  ample  con- 
ions  until  the  maximum  coutmction  is  reached;  in  the  case  of  the 
beats  this  is  not  so,  since  the  minfmnm  sfimnlu^  whirb  ha»  any 
i  is  foUowed  hff  fhf  ntrtjimum  vmifrnfium:  in  other  words  the  weak- 
effectual  stimulus  brings  out  ns  great  a  beat  as  the  strongest.  There 
lother  great  difference  between  the  contra<"tion  of  the  heai*t  and  of 
iletal  muscle*  viz.,  the  tHtthHi/t/  of  the  former  fo  enfer  info  a  ?(fa/e  of 
HtL^  under  tbe  influence  of  stimuli  repeated  very  rapidly.  If  the 
be  atimnlated  by  a  scries  of  rapid  interrupted  induction  shocksj 
is  no  Bummution  of  the  contractions,  as  there  would  be  supposing 
ordinary  skeletal  muBcle  were  stimulated  in  the  sumo  way.  This 
omenon  is  said  to  he  duo  to  tbo  following  fact,  vie.,  that  in  order  to 
iltoo  mi  extra  contraction  of  the  exeised  frog^s  heart,  the  stimulus 
be  applied  during  diastole  nr  period  of  rest  or  relaxation,  and  in 
case  the  next  contn\ction  happens  at  an  earlier  jienod  than  if  tbe 
nulus  were  not  applied.  If  applied  during  tbe  i?y stole,  the  stimulus 
I  scarcely  any  effect;  the  period  during  which  tbe  muscle  is  refractory 
Itimnli  is  much  longer  in  the  case  of  the  heart  than  in  the  case  of 
br  mnsrles.  In  order  to  produce  a  tetanus  in  skeletal  muscle,  the 
femd  stimulns  must  ho  sent  into  the  muscle  before  it  has  had  time  to 
lOTer  from  the  elTect  of  the  lirat  stimulus  and  relax,  and  so  on  with 
I  third,  fourth,  and  other  etinnili.  If^  as  wo  may  suppose,  the  same 
editions  for  the  production  of  tetanus  are  necessary  in  heart-muscle, 

Eions  of  the  iinpossibility  of  producing  tetanus,  i.e.  that  a  stim- 
pHed  during  contraction  is  ineffectual,  are  sufficiently  obvious* 
ITS,  however,  that  if  the  stimuli  are  sufficiently  strong  and  rap- 
r  repeated,  the  refractory  period  during  wbicli  the  muscle  is  prac- 
llly  insensible  to  stinnili  diminisheB,  and  a  very  rapid  repetition  of 
beat4  occurs.     As  a  rule  the  heuta  aro  fewtT  with  rapid  stiumlation* 
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In  connection  with  tho  rhythmic  contraction  of  muscle,  it  is 
sary  to  alhido  briefly  to  what  is  known  as  Stannius*  experiflXit 
This  experiment  consisted  originally  of  applying  a  tight  ligatare  to 
heart  between  the  sinus  and  tho  right  auricle,  the  effect  of  which  is toi 
the  beat  of  the  heart  below  the  ligature,  while  the  sinns  and  the  vi 
leading  into  it  continue  to  beat.  If  a  second  ligature  be  applied  il 
junction  of  the  auricles  and  ventricle,  the  ventricle  may  begin  to  I 
slowly,  while  the  auricles  continue  (juiescent.  In  both  cases  the 
cent  parts  of  the  heart  may  be  made  to  give  single  contraction! 
response  to  mechanical  stimulation.  A  considerable  amount  of  disciuBl 
has  arisen  as  to  the  explanation  of  these  phenomena.  It  wassuj 
that  the  action  of  the  ligature  in  to  stimulate  some  inhibitory  n( 
mechanism  in  the  sinus,  whereby  the  auricles  and  ventricle  cia 
longer  continue  to  contract,  but  this  suggestion  must  certainly  be  gh 
up  if  the  present  theory  as  to  the  functions  of  the  nerve  ganglia  be 
rect.  It  may  be  that  the  effect  of  Stannius*  ligature  is  simply  an 
pie  of  what  has  been  Ciilled  by  Gaskell  blocking.  The  exphination 
this  term  is  as  follows: — it  aj^pears  that  under  normal  conditions 
wave  of  contraction  in  the  heart  starts  at  the  sinus  and  travels  do^ 
ward  over  the  auricles  to  the  ventricle,  the  irritability  of  the  mi 
and  the  ]»ower  of  rhythmic  contnictility  being  greatest  in  the  sinnSybi 
in  the  auricles  and  still  less  in  the  ventricle,  while  nnder  ordinary  cflfe 
(lit ions  the  apical  portion  of  tlio  ventricle  exhibits  very  slight  irritabili^ 
and  still  less  })osv(m*  of  spontaneous  ccmtniction.  Thns  it  may  be  sa| 
posed  that  the  wave  of  contraction  beginning  at  the  sinus  is  morel 
less  ]>loeked  by  a  ring  of  muscle  of  lower  irritability  at  its  junction  witl 
the  auricles,  and  n^ain  the  wave  in  the  auricles  is  similarly  delayed i 
its  passaixe  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thi 
the  wave  of  contraction  startiui^  at  the  sinus  is  broken  as  it  wereboj 
at  the  auricles  ami  at  the  ventricle.  \\\  an  arrangement  of  ligiitures,^ 
better,  of  a  system  of  <'l:nnps.  one  part  t)f  the  heart  may  be  isolated  frol 
the  other  portion.  an<l  the  contraction  when  stimulated  by  an  indnctii 
shock  may  be  made  to  stop  in  the  jMU'titin  of  the  heart-muscle  in  whid 
it  bei^ins.  It  is  ntU  unlikely  that  the  contraction  of  one  portion  of  ttl 
heart  acts  as  a  stimulus  to  the  next  jH^rtion.  and  that  the  sinus  contm 
tiiui  irenerallv  beirins  llrst.  simv  the  sinus  is  the  most  irrit^ible  to  stimJ 
and  possesses  the  powiT  of  rhythmic  contractility  to  the  most  higli( 
developed  dejrree.  It  must  r.tu  be  thoudit.  however,  that  the  wave  ^ 
eontnictiou  is  inv*apaMe  of  passing  over  \\w  heart  in  any  other  directid 
than  friMU  the  siriU<  tio\v!\\vanl:  it  lias  been  shown  that  by  applicatll 
of  appropriate  stinuili  at  appropriate  iv.staius,  the  natural  sequence( 
boats  m:iy  bt»  roerscil,  xwuX  \\\o  contraeiior.  starting  at  the  arterial  pi 
of  tho  vontriclo  may  pass  upwar/i  to  ihe  auricles  and  then  to  the  sill 
in  order. 
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exceedingly  intereatiiig  fact  witlj  regard  to  the  ptiBv-^age  of  the 
e  ill  tiny  direction  lias  been  inude  out  by  partial  division  of  tbe  mus- 
fibres  at  any  point,  whereby  one  part  oC  the  wall  of  the  heart  ia 
connected  with  the  other  parts  hy  a  small  portion  of  nudivkled 
acuhir  tissue,  and  the  wave  of  contraction  then  being  only  ahle  to 
to  the  next  portion  of  the  w:dl  every  second  or  third  beat.  Thus 
iaion  of  the  muscle  has  much  the  same  effect  as  partial  clamping  it 
the  same  position,  or  of  a  ligature  Bimilurly  applied,  but  not  tied 
tlj.  It  niay»  therefore,  be  suggested  that  Stannius*  ligatore  acts  as 
ial  or  com|ilete  block,  and  prevents  the  stimulus  of  the  sinus-heat 
passing  further  down  the  heiirt,  but  that  the  parts  below  the  liga- 
may  be  nvMlo  to  contract  by  stimuli  applied  to  them  directly. 
'ly  all  the  information  to  be  obtained  as  to  the  phcjiomena  of  the 
itraction  of  heart-muscle  apart  from  the  rhythmic  action  of  the 
itself,  may  be  ohtuined  from  a  heart  to  winch  a  Siannins*  ligature 
n  applied;  indeed,  the  effect  of  niinimai  stimuli,  the  effect  of 
ly  repeated  shocks,  and  the  refractory  period  of  heart-muscle  may 
f  studied  from  a  heari  in  this  condition. 
The  velocity  of  the  wave  of  coiitrat^tion  in  frog's  heart-musclo  haa 
Will  shown  to  he  |  to  J  inch,  or  10-15  mm,  a  aecotid. 
In  pointing  out  the  differences  hetwecn  the  phenomena  of  contrac- 
1  in  skeletal  and  heart-iunscle,  the  similarities  between  the  two  are 
t  to  be  overlooked;  thus  it  has  been  sIkiwu  that  the  effect  of  cold, 

1,  fatigue,  and  other  influences  have  very  much  the  same  effect  in 
Ih  (^ses. 

2.  The  ivjlupiwe  of  ike  central  fu^rvons  s'r^Hfeni, 

The  heart  is  capable  of  automatic  rhythmic  movement,  as  has  been 
irly  shown  by  its  behavior  when  removed  from  the  body,  and  it  has 
ii  flhown  further  that  there  is  reason  for  hdieving  that  the  power 
ides  in  the  inherent  property  of  its  muscle  fibres  themselves.  While 
the  body,  however,  the  heart's  heats  are  under  control  of  the  central 
iTonn  system.  To  this  nervous  controh  we  must  next  direct  our  at- 
Hon.  The  influence  which  is  exerted  by  the  central  nervous  system 
to  be  of  two  kinds,  firstly,  in  fke  dirertian  of  sharing  or  inhilnf- 
tht  6eai!tn  and  secondly,  in  the  dirprtion  of  arveJirofing  or  aiffprnjut' 
He  beatify  The  innuence  of  the  first  kind  is  brought  to  bear  upon 
^  heart  through  the  fibres  of  the  vagi  nerves,  and  that  of  the  second 
d  thrnugh  the  symjiathetic  fibres. 

Influence  of  the  Vagi*-— It  bag  long  been  known,  indeed  ever  since 
experiments  of  the  Bros.  Weber  in  1845,  that  stimulation  of  one  or 
Ih  vagi  prodnces  slowing  of  the  beats  of  the  heart.  It  has  since  boon 
|wn  in  all  of  the  vertebrate  animals  experimented  with,  that  this  is 
normal  action  of  vagus  stimulation.     Moreover,  section  of  one  nerve, 
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or  at  any  rate  of  lioth  vagi,  produces  acceleration  of  Ibe  pnlie, 
ntation  of  the  diBtal  or  ivDriphcrHl  eutl  of  the  diridetl  nerr« 
Qormally  blowing  or  stopping  of  the  Iteart'i  beats. 

It  tippetus  that  nny  kiiid  of  atimulua  produces  the  same 
chemical,  mechaniml,  olectrical,  or  thermal,  but  that  of  tbeae 
potent  ia  u  rupidly  inlcrnipled  iiidnctiun  current,     A  certain  ai 
confii!<ion   has  arisen  as  to  the  effect  of  vagus  stimtilation  irf 
'^nence  of  the  fact  that  within  the  trniik  of  the  nerve  is  eontaifi 
so  mo  animals,  fibres  of  the  sympathetic,  and  it  depends  to  so 
upon  tlie  exact  position  of  the  application  of  the  etimulus, 
exact  effect  prodocetL     Speaking  generally,  however,  excitation 
part  of  tlic  trunk  of  the  vjigua  produces  inhibition,  the  stimul 
particulnrly  potent   if  applied  to  tlic  termination  of  the  v; 
heju't  itself,  where  they  enter  the  substance  of  the  organ  at  the 
of  the  Finns  ganglia.     The  Rtininhia  may  be  applied  to  either 
LvlTei^t,  uUhougb  it  is  frequently  more  potent  if  applied  to  the  B 
the  right  mlv.     The  elTect  of  the  stimulus  is  not  immediately 
or  more  bents  niny  occur  before  stoppage  of  tlie  heart  takes 
alight  stimulation  may  produce  only  slowing  and  not  coxnple 
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Fig.  Iff?.— TPilclnj?  sluiwlni;  ilie  ariimiH  nf  tlic  vaK^ts  mi  \hf  lieart.  Ant 
irlcubil-  inu.'ini?.  Tbr  part  IwtwtH'ii  i>^Ti>einllculHr  Ihwh  \udH'nlrs[M*riiH\  nf 
|udtiMil4w  that  Oh'  »**tinn!/iry  t'ull  vrtm  H  cm.  fhtiu  tin*  primary  Tlnf*  pi 
titiouH  I  Ik'  riL'ulnr  cniitrnt"Thius*if  imnlerat**  luMjjlil  l»*fnn*  HOiiiiilnitioti.  Out 
jktiJiu  ilf»*»'  ntU'V,  t-ho  tiwit^  (if  aurkif  ami  ikcntrJi'Ut  lifi*  ftrrf»««<nl.  AFU-r  tliu\ 
tin»  Eijiik^lr  41 1  (lixl,  but  H< Kin  nn^iiirt^  a  unii'ti  j^rejiUT  amjilitiiilB  tlian  LieTivn*  ; 
flUmuliiM.     i  I'  1 4  >in  JJi  uiiron,  alivr  UoftkeU  ) 


of  the  heart.     The  stoppage  may  be  duo  either  to  prolongati 
diastole,  as  is  usually  the  case,  or  to  diminution  of  tfie  systol 
stimulalioTi  inhibila  the  ^poutaT\rous  bcatn  nf  the  heart  only,  it 
do  away  with  tbo  irritability  of  the  heart-muscle,  since  mechanic 
ulatiou  may  bring  out  a  beat  during  the  etill-atand  caused  b 
stimulation.     The  inhibition  of  tlio  beats  varies  in  duration,  bu 
stimulation  be  a  probjuged  one,  the  beats  may  reappear  before 
rent  is  shut  o0.     When  the  beats  reappear,  the  Cirst  few  a; 
feeble,  and  may  bo  auricular  only;  after  a  time  the  contract  to 
more  and   n;ore  strong,  and  very  soon  exceed  both  in  a^1plit^ 
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M»ose  wluoh  oocurrod  Iwforo  tlio  ajiplieation  of  the  stimulua 

ice  of  the  Sympathetic. — The  iiifhienca  of  the  sympathetic 
Paiilered,  to  a  certain  txteiit,  aa  the  reverse  of  timt  of  the 
iinulutioii  of  the  sympatlietie,  even  of  ono  aulo,  protlucea  ac- 
>f  the  hoart-boiita,  und  aoL^ording  to  certain  observers,  aection 
f  nerve  produces  slowbig.  The  aceelcnition  produced  by  stini- 
^e  sympathetic  tihres  ia  accompanied  by  increjised  force,  and 
on  of  the  nerve  is  more  ]iro]>crly  termed  mufttteHfttr,  The 
tie  gym  pathetic  dillers  from  that  of  the  vagus  in  several  par- 
es the  augnientaiion  which  ia  produced :  firstly,  the  stimulus 
produce  any  effect  muat  be  more  powerful  tlian  is  the  case 
igag  stimnlation;  secuudly,  a  longer  time  lapses  before  the 
Difest;  and  thirdly,  the  augmentation  i&  followed  by  exhiuis- 
»t8  being  after  a  time  feebhj  and  legs  fref|uent. 
,of  the  cardiac  nerve-fibres. — The  hln-ea  of  the  sym pa- 
em,  which  influence  the  heart-heiit  in  the  frog,  leave  the 
I  by  the  anterior  root  of  the  third  »pinul  nerve,  ami  pass 
Uie  ntmus  communieans  to  the  third  spinal  ganglion,  t  lie  nee 
id  spioal  ganglion,  and  thence  by  the  annulus  of  Vieuasens 


"'t'ltfiii 


Rltabowinc:  ^liriiiiiLshirHl  HinpUiinli' Hitil  KJiminjjf  nf   LLih  pulsntlana  of  th«i  Auricie 
ithdiit  eoiiiyleti-^  »topji.iffo  rjurltii^:  irritatkui  of  tJiP  vninifi,    iFmiu  Brunt* >ti»  aitei- 


subclavian  artery)  to  the  first  spinal  ganglion,  and  thenee  in 
ink  of  the  sympathetin,  to  near  the  exit  of  the  vagus  from 
p,  where  it  joins  that  nerve  and  runs  down  to  the  heart  wit!n'n 
forming  the  joint  vago-8ym]»ritheti<-  tiniuk, 
|Og,  the  augmentor  lihres  leave   the  cord  hy  the  second  and 

nerves,  and  possibly  by  atiterior  roots  of  two  or  more  lower 
ing  by  the  rami  communicantes  to  the  ganglion  stel latum, 

iicic  ganglion,  thence  by  the  anntdus  of  Vieussena  to  the 
il  ganglion  of  the  sympathetic  fibres  from  the  annulus,  or 
ferior  cervical  ganglion  proceed  to  the  heart. 

fact  that  the  augmentor  fibres  are  joined  te  the  vagua 
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trunk,  it  may  bo  understood  that  tho  cifcct  of  the  stimnlation  of 
Tagus  in  the  frog  is  not  in  all  cases  purely  inhibitory,  but  maybei 
mentor,  according  to  the  jiosition  where  tho  stimulus  is  applied, 
intensity  of  the  stimulus,  and  the  condition  of  tho  heart;  if  it  is 
strongly  a  slii^'ht  \agii3  stimulation  will  produce  immediate  iubibiticm. 

Tho  fibres  of  the  vngns  which  pass  to  tho  heart  arise  in  the  mi 
oblongata,  in  the  floor  of  tho  fourth  ventricle,  and  in  anueleuBof 
matter,  the  exact  position  of  which  will  be  indicated  in  a  future  duf 
ter.  it  was  formerly  thought  that  the  inhibitory  fibres  in  the  vagi 
trunk  were  derived  from  the  spinal  accessory  nerve,  but  this  view 
been  largely  abandoned.  The  spinal  accessory  fibres  probably  n| 
certain  muscles  of  tho  larynx.  It  has  been  found  that  stimulation 
this  nucleus,  which  is  called  the  cardio-inhibitbry  centre,  prodi 
inhibition  of  the  heart-beat. 

Thus  there  is  no  doubt  that  the  vagi  nerves  are  simply  the  media 
an  inhibitory  or  rest  mining  inlluence  over  the  action  of  the  heart,  whk 
is  conveyed  through  them  from  the  centre  in  the  medulla  oblongal 
which  is  always  in  openitiun.     The  restraining  influence  of  the  centil 
in  the  medulla  may  be  reflexly  iHrreaneti  by  stimulation  of  almost 
afferent  nerve,  parti(;uhirly  uf  the  abdominal  sympathetic,  so  as  to; 
duce  slowing  or  stoppage  of  tho  heart,  through  impulses  from  it 
down  the  vagi.     As  an  example  of  this  reflex  stimulation,  the  wd| 
known  effect  on  the  heart  of  a  violent  blow  on  the  ejiigastrium  may" 
referrwl  to.     The  stoi)page  of  the  heart's  action  in  this  c^ise  is  due 
the  conveyanee  of  the  stimulus  by  libres  of  tho  sympathetic  (affereni 
to  the  medulla  oblongata,  aiul  its  subseciuent  reflection  through  the? 
(efferent)  to  the  muscuhir  substaiKre  of  the  heart.     It  is  possible  that  1 
power  of  the  nicilulhiry  inhi])itory  centre  may  in  a  similar  manner 
reflexly  lessrnrtl  so  as  to  produce  accelerated  action  of  the  heart 

The  course  of  the  .lugmentor  fibres  in  the  spinal  cord  is  not  knoff 
but  it  is  thought  that  in  all  i>rol)ability  they  .ire  connected  with  an 
mentor  centre  in  the  medulla.     The  circvt.aticm  of  venous  blood  apj 
to  stimulate  the  inhibitory  centre,  and  of  highly  oxygenated  the 
mentor  centre. 

In  addition  to  direct  and  reflex  stimulation  it  is  almost  certain  th 
impulses  passing  down  from  the  cerebrum  may  have  a  similar  effect 

Other  IhjUieures  Aflertifif/ t/ie  //rvn7-//6'^/.— Alteration  of  tcmpCf 
ture. — The  effect  of  cold  is  to  slow  the  heart-beats,  and  if  the  heart 
cooled  down  to  3"  C.  (38"  F.)  it  will  stop  beating.  The  heart  may 
frozen,  and  when  thawed  will  continue  its  spontaneous  beats.  T 
effect  of  heat  is  to  quicken  and  shorten  the  heart-beats,  but  at  a  modi 
ate  temperature,  20^"  C.  (G8  F.),  the  contractions  are  increased  in  foil 
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it  or  below  40°  C*  (104''  F*)  the  coDtratioua  aro  bo  rapid  ad  ta  \mm  into 
-rigor;  this  miij  be  stopped  hy  cooliDg. 
Poisons  and  other  chemical  substances.— A  large  number  of 
leiuical  substances  have  a  distinct  cJTect  upon  tJie  cardiac  contractions, 
these  the  mast  important  are  tiiropiH  and  muacarin. 
Jiropin  produces  cunsitlerabk>  augnicutation  of  the  huart-beatis,  and 
hen  acting  upon  the  heart  prevents  the  results  of  vagus  fitimulafcion, 

Musrarin  (obtained  from  various  species  of  poisonous  fungi)  pro- 
Dees  marked  slowini^  of  the  heart-heats,  amh  in  larger  doses,  stojiintge 
Ube  heart.     It  produces  a  similar  eireet  to  tluit  nf  )>rolont,'eii  vagus 
lalation^  and  m  in  that  case  the  effe<*t  can  In*  ri-^jm>vrd  by  the  action 
[atropin* 
Diffitalin  (the  active  principle  of  digittilis  purpurea),  alows  the  heart 
appears  to  act  by  stimulating  the  vagi.     Lutcr  on  the  muscle  is  also 
eiciUible.      Vfrairin  and  ttrtndfin  have  a  similar  effect.     Xiroiim 
rent^  the  effect  of  vagus  stimulation* 


Methods  of  investigating  the  Heart-beat 

(I)  Th**  Khnitl^^st  form  nf  an  {ipparntiis  in  l>o  uhimI  for  n»rc>nlinj^  th<^  rontran- 

*>f   tbi*  fn>}^\s   bi^art  ri>Msist>i  of  a  siniill  cbisiHl  rylintlrirai    Jmjx  tixr«l  l<*  u 

,     At    th»*   lK>lt^>ni   of   till'   box   iiro  twn  tnbi^s  bv  iri**anw  of  which  wuU'r  ni 

rious  tcmiieniturr-s  iimy  l>t'  made  to  i  imilat^'  thnmgh  it,  one  ItiIh^   Iwiug  thf 

;  anil  Oie  otli^r  tho  oulUt,  an<l  they  art*   coumM'tcd  wiih  india  niblMT,  anii- 

» for  tht^  purjwist^  of  comhirtiog  water  to  and  from  the  ajijiiinUus.     The  It^ver 

imiiMlf*'  of  a  piei^  of  ^lass  rtKl  whicfi    is  softenpfi   anr!  drawn  out  in  tiie  llame 

'thp  blow  pi p<^  a  very  lino  threa<l,  leaving  a  Bmall   piece*  unalt^Tt'd  to  net  aa 

l€niiTit4^r|Mii$44'>.     Tlie  lovor  ii4  then  passed  tlirongh  a  piece  of  cork  antl  through 

lis  cork  a  line   nc*^'dk*   ii*  iiLsorU^l   at   ri^ht  iinj;;le8  t-**  the  lever,     Tlie  needle  is 

dp  to   rest  on   a  sTi|i]M>rt  ottarlitMl  uliove  one  side  of   the  l«»x  in  sueh  a  way 

;  the  lever  h;i.s  free  inovcjucct  ii|i  mid  down.      Another  8ni;dl    piree  f*f  c«irk 

IjmaH^l  alon^  the  lever  arm  and  ts  ad jii^i{4*d  and  ct)t  so  that  its  |Kdnt  «lirected 

nwartl  can  rest  Uj»on  the  fro^^^'s  heart,  whii  h  is  n*iiiovcd  from  the  Inidy  and 

ti   npnn    tiie   top   of   the   Im*x  in  serum  etr  delibrinated  hlrxKL     In  this  way 

^  contiTR'tinim  of   the  auricles  and  veutriele  are  eonmumicated  to  the  lever, 

w}  tins  nmy  lie  niatle  to  xvrit<*  U[x*n  a  rec^ording  cylindf-r. 

('i)  The   variations  of    endoeardiid    pressure,  wliieh   <'orresiioud,   of  courae, 

ith  tlie  various  fihast*  itf   (he  cardiac  eyt  lt\   may  he   n-corded   hy  a  niodifica- 

**[   Ibe  onlinary  nierciiri:d  niaiiornet^^r.      The  appanUiis  is  best  uwd  with  a 

I  ft%i^  {liana  fHmhti(*t),  and  tlie  hi'art  is  exposeil  in  the  iisnal  nianfu^r,  tiie 

iuin  0|»4^nHi.     A  c»t  is  made  int**  the  hidh.  ami  by  this  iiif^ans  a  doidile 

^ptrfiunon  eaintltt  (ti^    1^1*)  ii^   i«Lssed  int-^^   the  ventricle,  a  li^^ainn*  is  paasf^d 

ud    lh*«   heart,  and    the  eannla  is   tied  to   tip:htly.     The  veAHels  are  tlieri  di- 

I  beyond  the  lij^atnre.  ami  the  eannla.  with  the  heart  attaeheil,  fs  removefl. 

te  stem   of  the  canula  a  tube  is  attat^bed,  eonimnnicating  witli  a  reservoir 

f a  fiotutian  of  dried  hlood  in  J^sali tie  B*dnt ion,  and    filten*ib  which    in   capa- 

id  lieing  raiseil  or  lowered  in  temperaUire  ly  lieini;^  sinToimde<l  hy  a  metal 

which   contttiUH  hot,  cold,  or   iced  water*     AttacloHl   t^i  Uie  other  end  is  a 
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Bimilar  tube,  which  ifHiimunk'aies  bv  a  T  pi«*iv  with  a  small  meieurial  ■ 
ouieUT,  proviiliHl  with  u  writiug  cUyW,  and  also  with  a  veiael  into  which 
seruiu  is  rtirvivixl.  TIn'  up|iaratu8  iH^ing  arruugcd  so  that  tlie  movemettb 
tho  mercury  oau  be  nt'ordt'd  by  the  Uoat  ami  the  writing  8tyle  on  &  do 
revolving  ilruiii,  ami  after  Home  serum  has  \M*vn  allowed  to  pats  freely  thio 
the  veutriele,  lK)th  tuUt)  are  eliiiiJiHl,  the  t>i*c*(md  <»ne  be^'ond  the  T  pi«oe, 
tlie  alt^rutionK  in  the  preH8un*  are  recordtnl.  The  effects  of  fluids  at  tv 
temperatureH  and  of  iN)i8ons  may  W  recordetl  in  the  maimer  indicated  abon 
<3)  Hy  Koy^it  Tonometer  (tig.  2U0)  tlie  alterations  in  volume  which  a  tt 
heart  undergiies  during  rontruc- 
tii.m  are  rt'rnnl«H|  by  lli«"  f«»l low- 
ing moans:  A  siiiall  iN'U-jar, 
oi»en  alkivt^,  hut  |iri»viili'«l  witli  a 
firmly  tittin;:  r«»rk.  in  Nvliicli  is 
fixed  a  double  caiiula,  is  ad- 
justable by  a  snuKUhly  ;L'n*uit(l 
base  upon  a  circular  bras.*%  plahs 


FIc  IlUi. 
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Fijf.  !!»!».  Kr«»inrkrr's  iVrfiisiitii  Cnniila.  for  siip|ilyiiit;  riiiulM  to  tli«>  ini*'ri«^r  of  tlie 
H«*arl.  It  •'..iiMsts  of  a  «l<>iilil«- IiiIm  .  oiii>  oiiisitlf  liit'iiihlr;  tli«>«'iitl  view  is  slumti  in  tli**  «-ii;:r 
Till*  imiiT  tiilM>  hraiirhi-Miiil  t«ilhc  It-fi :  ilms.  whfii  tin-  vfiitrirli'  is  tl«il  to  thf  mitfr  tiilif  nf  th 
ulu.  aciirri'itt  «>f  li(|iiiil  viu\  Im>  maili'  ii>  iwiks  into  ilil'  iuart  li\  oii«>  lultfoiiil  •uit  tlinui^h  tbi>i>( 

Fij».  Ltil.-   li«»y's  TiuiiMiH-iiT. 


about  '^»  to  :{  iric'lHs  in  clianirttT.  Thr  juin-tion  is  ina<b»  Cf»mplot4*  by  j: 
in*::  tln'  Ija.xr  with  hrnl.  In  thr  plati-.  whi«l»  is  VwkhX  lo  a  st^-ind  adjiiMab 
an  iipri«;lit.  an'  two  liolrs.  ono  in  tin-  cmtn*,  a  largo  one  alnuit  oiio 
of  an  inch  in  jlinnirtor.  to  wlitch  is  lixril  Iwlow  a  bniss  gnK»vt>il  o 
alMHit  lialf  an  in<h  tlnp :  iho  othor  h<»I»'  is  tho  o|H»ning  iut4>  a  \n\n}  pro^ 
witli  a  tai>  (stt»|wo(kK  Tho  o|Mnin^  |no\  idiMl  with  tho  collar  is  ohiHil  :i 
lowor  part  with  a  nionihrano  of  animal  tisMU*.  which  is  I<HK4(>ly  tiod  by  n 
of  a  ligaturo  aromid  tho  gnMivc  at  tho  lowor  odgo  of  tlie  <"ollar.  To  this  i 
brano  a  piooo  of  <'ork  is  fastonod  hy  soalin;;  wax.  from  which  i^asses  a ' 
whicli  oan  1h»  attaohod  to  a  lovor.  llxoj]  on  a  stago  In'hnv  the  appamtiu^. 

When  using  tho  apparatus,  tho  Im'II  Jar  is  tixo«l  by  moans  of  lanl,  nn( 
jar  is  tilled  with  olivo  oil.  In  tho  way  alH>vo  descrilnHl,  the  heart  of  a 
frog  is  prei)aro(l  and  Iho  canula  fixo<l  in  tho  cork  is  tirndy  tied  into  the  li 
the  tubes  of  the  canula  comumnicating  with  the  reservoir  of  serum  oi 
one  hand,  and  with  a  vessel  to  cont^iin  tho  sorum  aft^^r  it  has  run  throu; 
the  other.  Tho  canula  with  heart  atta<-hod  is  piissiMl  into  the  oil,  an< 
cork  lirmly  secured.     Hy  thosi*  means  tho  lover  will  he  found  to  be  adjus: 
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ttiieDl  elevation,  ^e  lever  is  allowed  to  write  on  a  lacwing  drum,  and 
ii»  passed  through  at  various  temperatures.  After  a  short  time  the  heart 
op  be^ng;  but  two  wires  are  arranged,  the  one  in  the  canula,  the 
rojecting  from  the  plate  in  such  a  way  that  the  lieart  can  be  moved 
tltem  by  shifting  the  position  of  the  bell* jar  a  little.  The  wires  act  as 
es,  and  can  be  made  to  communicate  with  an  induction  apparatus,  so 
gle  induction  shocks  can  be  sent  into  the  heart  to  produce  contractions, 
need  be,  by  means  of  the  trigger  key,  at  one  definite  point  in  the  revo- 
>f  the  recording  cylinder. 

metrical  Phenomena  of  the  Heart-beat.—Tlie  phenoniena  of 
ural  beat  of  the  lieart  arc  generally  considered  to  indicate  that 
tolic  contraction  is  a  single  and  not  a  tetanic  one.  The  electrical 
s  support  this  view.  During  the  contraction  a  distinct  electrical 
occurs  which  is  similar  to  that  which  happens  in  skeletal  muscle 
ach  contraction.  It  has  been  demonstrated  that  a  stanniused 
art  undergoes  two  changes  or  phases  as  regards  its  electrical  con- 
the  first  immediately  before  the  contraction,  in  which  the  excited 
[jcomes  negative  to  tlie  other  parts,  contraction  following  the 
f  excitation,  and  the  second  during  relaxation,  in  which  the  cur- 


W 
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Sil.  -  f'upHlarv  <'I<M'fnnn<'(«T  (Oslwahh.  (\T.  n*j>n's«'nts  rapillarv  tii)>«»  r(>nfainM><r  nn'rcmy 
1  sulphuric  iU'Ui  illiSif^)  iuruuUulnl  M.  If  a  lurnnt  I'liUis  1ln' iimhihv  a1  U,  ami,  tr.i- 
K'  ffyanil  //,S<>,,  U'uvt'M  Uirouuh  tin"  wlp^  U''.  tln'iiicnnry  iiu'iiinMis  at  3/  will  iiiovr  up  in 
3.  If  Uh*  nirrnnt  is  rHV«fr8«*<J  th««  incrcury  will  nu>v«'  in  th»'  opjM»slt«*  dinMtion,  i.r.,  toward  tlu* 
Id  oUier  wofiIn  tin*  nu'ri'ury  niovcM  in  tim  dinrtiun  «»f  tin-  ciini'iit. 


ows  in  an   ojjposite  way.     This  may  be  (IcnionstraUM]  hy  jijacing 
art   in  circuit  by  means  of  non-polarizablo  electrodes  with  some 
f  current  detector,  such  as  the  capillary  electrometer  (fig.  201). 
le  Metabolism  of  the  Heart. — Whatever  view  may  be  taken  of 
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the  nature  of  the  rhythmic  cardiac  contnictiona,  it  will  be 
acknowledged  that  the  contractions  cannot  long  be  mamtained  «il 
a  due  supply  of  blood  or  of  a  similar  nutritire  fluid.  Some  yen 
markable  facts  have  been  made  out  about  this^  in  the  case  of  the 
heart.  For  instiinco,  it  has  been  shown  that  normal  saline  ^olutica 
insuflieient  to  maintain  the  contnictious,  and  that  in  experiment! 
which  it  is  necessary  to  maintain  the  beats  for  any  length  of  time 
serum  or  saline  solution  of  dried  blood,  the  Bolution  ahouh!  focitd 
some  serum-albumin,  and  that  there  should  also  be  present  bohiq  ^u^ta^j 
slum  rhlorido,  and  Dr.  Tiingor  has  onmiK)sed  a  nutrilire  fluid 
contains  chhirides  of  sodium,  ]>otassiumy  and  osdotum  in  #tnaTt  a^i'*untSr' 
wlji<-h  is  able  to  maintain  the  normal  beats  of  the  heart*  It  ie^ tln-^^-fe 
very  reasonable  to  suppose  that  the  amount  and  quality  of  tliebM 
Hupplii'd  to  the  human  lu'art  has  the  greatest  influene*-  in  ifiainlaitiin^f 
the  force  and  frequency  of  the  rhythmic  activity,  Th**  mw  tb 
taken  at  present  of  the  aetion  of  the  heart  is  one  propounded  by  Qnti^-^l 
viz.,  that  in  heart  muscle  as  in  protf>]>la8m  genenilly,  the  [n«ttiJ)alic  fro-^ 
ces8(»s  are  those  of  anabolism  or  building  up,  which  takes  pl«CfllniiJi| 
the  diastole  of  the  heart,  that  va^is  stimulation  helps  on  *.lii»  J»n»<^' 
and  ofkatabolism  or  discharge,  which  is  manifested  in  the  wtitnttitui 
of  the  heart,  and  which  is  ac^celenited  by  stimulation  of  the  sjmpatlicti* 
fibres.  That  vagus  stimulation  is  therefore  ultimately  beneficiilto 
contractions.  The  eh^ct  ric^il  currents  set  up  on  the  stimtilatton  ol 
vagus  and  of  the  sympathetic  are  in  opposite  directions,  and  so  if 
koll's  contention  is  correct  that  the  negative  variation  of  the 
current  (K'<',nrring  on  sympathetic  stimulation  is  asign  of  katalioliBDa, 
result  of  va^us  stimulation,  viz.,  a  positive  variation  of  the  muscle 
rent,  may  be  HU})posed  to  indicate  the  complementary  condition  of  i 
olisni. 

:>.  yV/r  Amonnt  of  liJnod  I\(}isimj  into  the  lloarfs  CnvilirK — It  is 
that  in  tht;  hody,  at  any  rat(t,  the  amount  of  blooil  which  ]msseA  into  tt 
(Mvitics  of  the  heart  <listiiictly  aiTccts  the  strength  of  its  boat.  Thus," 
from  any  cause,  the  blood  is  diminished  the  contructiotia  become 
mon^  fcc])l(\  althoii«j;h  they  may  j)OB8il)ly  be  incrciiseil  in  rapidity,  Sil 
larly  with 

4.    7hr  A /HON  ft/  of  /*rrssHrr  tn  he  Ovrrromc—ll  the  aortic  pressnrt 
too  low  the  muscle  (M)ntractions  of  the  heart  is  not  so  powerful  or  el 
tive  as  if  th(»  pressure  is  normal,  whereas  too  great  arterial  pressure : 
he  sutlh^icnt  to  delay  if  not  to  stop  alt.o«^ether  the  he^irt's  be4its,  dll 
tion  of  its  cavities  lakini^  place  and  a  conilitiou  of  thH^}<Mfsm  { 
result  in, ij:. 

Another  condition  somciimes  forgot t(Mi  should  be  added  as  infll 
in^  the  potency  of  the  car<liac  contraction,  vik,,  the  heart  must 
sutlicient  room  to  contract,  it  must  not  be  uiuhily  pressed  upon. 

6.   21ie  Coronnry  Cir<ni1afion. — The  nutrition  of  the  heart  wall  1m 
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r  investigated  by  Porter  and  others.  The  coronary  arteries  are 
arteries;  that  is,  they  do  not  permit  the  establish oieut  of  a 
circulation  when  one  of  their  branches  is  blocked*  If  the 
lomplete,  that  portion  of  the  heart  wall  supplied  by  the  branch 
t  immediate  effect  of  the  closure  of  a  large  branch,  in  the  dog, 
casional  and  transient  irregularity,  or  arrest  of  the  ventricular 
t,  preceded  by  irregolarities  in  the  force  of  the  contractions 
jnution  in  the  amount  of  work  performed.     The  force,  rather 


DOgTSpiL    By  means  of  this  app&r&tua,  the  ftJterttloti  In  volume  of  the  arm, 

1  &  f^tusi  tube,  1.  filled  with  Hin<l  the  opening  thnnjgh  which  it  paseea  being 

f  ft  thick  euttA'percha  l)aad,  f,  is  ci>tiimuriicat*?<l  to  the  lever,  d,  and  rej^fttered  bj  a 

ftratua.     The  fluiti  iri  a  cowitiunicatf^'M  with  th&t  in   b.  the  upt>er  Limit  of  which  !• 

The  chief  altarationB  in  volnme  are  due  to  Rlt^_»rotion  in  tlie  hfood  contained  In  the 

i  troIum«  k  increAftBd,  diddpuMes  out  of  the  ftlaas  ■-■yiinder,  and  tlie  Lever,  d,  alio  hi 

1  a  decT«Me  takes  place  the  fluid  returns  mt^in  from  •  to  a.    It  will  therefore  be 

}  apparatus  is  capahle  of  recording  alterations  of  tilootl  pressure  in  the  ami.  App^ 

I  upon  the  same  principle  have  lieen  need  for  recording  aiterations  in  the  Totume  of 

1  Kjduey. 

hie,  of  the  ventricular  contractions  is  closely  dependent  upon 

lupply  to  the  coronary  arteries. 

me  during  which  nutrition  of  the  ventriclea,  through  the  cor- 
liefly  occurs  is  the  diastolic  phaae^  for  during  the  height  of 
r  contraction  the  vessels  within  the  caFdiac  muscles  are  so 
on  that  the  flow  of  blood  through  them  is  stopped. 
Is  of  Thebesius. — These  vessels,  which  have  been  demon- 
f  open  both  into  tb©  auricular  and  ventricular  cavities,  mnafc 
iked  upon,  according  to  the  investigations  of  F.  H,  Pratt,  as 
bnt  source  of  cardiac  nutrition*  Through  them  blood  may 
y  of  connecting  branches  to  the  coronary  arteries  and  veins. 
Beeded  in  preserving  cardiac  contractions  for  several  hours 
mly  source  of  nutrition  was  from  these  vessels.  This  source 
j>ii  may  accoont  for  the  survival  of  hearts  for  years  where 
3  arterio-sclerosis  of  the  coronary  arteries  haa  been  found 
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(b.)  The  Peripheral  Resistancc^Tbe  regulation  of  the 

of  resistance  to  the  passage  of  blood  at  the  periphery  u  principally 
by  the  uUenilion  of  tht)  calibre  of  the  arterioles.     This  regulating 
is  chiefly  invested  in  the  nervous  system.     Its  influence  is  exerted 
the  mnscular  coat  of  the  arteries  and  not  upon  the  elastic  element, 
possesses,  as  must  be  obvious,  rather  physical   than  vital  pro] 
The  muscular  tissue  in  the  walls  of  the  vessels  increases  in  amooot 
atively  to  the  other  coats  as  the  arteries  grow  amaller,  ao  that  in 
arterioles  it  is  developed  out  of  all  proportion  to  the  other  elei 
in  fact,  in  parsing  frutu  capillary  vessels^  made  up  as  we  have  Eeea 
endothelial  cells  with  a  ground  substance,  the  first  change  which 
as  the  vessels  become  larger  (on  the  side  of  the  arteriea)  is  the  ap] 
ance  of  muscuhir  fibres.     Thus  the  nervous  system  is  more  puwerfol 
regulating  the  calibre  of  the  smaller  than  of  the  larger  aneriea. 

It  was  long  ago  shown  by  Cluode  Bernard  that  if  the  cervical 
pathetic  nerve  is  divided  in  a  rabbit,  the  blood-vessels  of  theco: 
ing  side  of  the  head  and  neck  become  dilated.  This  effect  is  best 
in  the  ear,  which  if  held  up  to  the  light  is  seen  to  become  redder, 
the  arteries  are  seen  to  become  larger.  The  whole  ear  is 
warmer  than  the  opposite  one.  This  effect  is  produced  by  remoi 
the  arteries  from  the  influence  of  the  central  nervous  system,  which! 
fluence  normally  passes  down  the  divided  nerve;  for  if  the  peripl 
end  of  the  divided  nerve  {*>.,  that  farthest  from  the  brain)  be  stimulKf 
the  arteries  which  were  l*efore  diluted  return  to  their  natural  fiize, 
the  parts  regjiin  their  primitive  condition.  And,  besides  this,  if 
stimulus  is  very  strong  or  very  long  continued^  the  point  of  normal ' 
strict  ion  is  passed,  and  the  vessels  become  much  more  contracted  thani 
mal.  The  natural  condition,  which  is  about  midway  between  extreme 
traction  and  extreme  dilatation,  is  called  tlie  natural  tone  of  an 
if  this  is  not  maintained,  the  vessel  is  said  to  have  lost  tone,  or  if 
exaggerated,  the  tone  is  said  to  be  too  great.  The  effects  described 
having  been  produced  by  section  of  the  cervical  sympathetic  and 
subsequent  stimulation  are  not  peculiar  to  that  nerve,  as  it  has 
found  that  for  every  part  of  the  body  there  exists  a  nerve  the  di 
of  which  produces  the  same  effects,  viz.,  dilatation  of  the  vessels; 
may  be  cited  as  the  case  with  the  seiatici  the  splanchnic  nerves,  and 
nerves  of  the  brachial  plexus:  when  these  are  divided,  dilatation  of 
blood-vessels  in  the  parts  supplied  by  tliem  takes  place.  It  app 
therefore,  that  nerves  exist  which  have  a  distinct  control  over  the 
cular  supply  of  every  part  of  the  body.  These  nerves  are  called  i 
motor. 

Recently  Mall  has  shown  that  veins  possess  a  vaso-motor  nerve-BQ|i 
as  well  as  arteries, 

Vaso-motor  nerves  may  be  divided  into  two  classes,  according  to i 


I 


CtioD  of  causiug  contraction  or  dilatation  of  tbe  blood-veasels,  into 
k)-coiistrictor  ami  vaso-dilator  nerves. 

Vaso-motor  Centres.  Bnibar  Centre, — The  bulbar  vaao-con- 
Hot  centre  in  the  rabbit  lies  in  tbe  floor  of  the  fourth  Tentricle,  a 
metre  or  two  caudal  to  tbe  corpora  €j,nadrigemiim,  and  extends 
^tadintilly  over  an  area  of  about  3  niilliinetres.  Owajanuikow  has 
m  tbat  the  centre  is  composed  of  two  halves^  each  half  lying  in  the 
lil  column  to  the  side  of  the  median  line.     This  centre  is  in  con- 

I  action,  as  is  ehown  by  dilatation  of  the  blood-vessels  when  removed 
ita  actioo  by  section  of  tbe  spinal  cord. 

%e  existence  of  a  vaso- dilator  centre  in  tbe  spinal  bulb  has  not  been 

pi  mil  Centres, — Secondary  vaso*motor  centres  are  present  in  tbe 

II  cord  (Goltz).  Under  normal  conditions  they  do  not  act  indepen- 
y  of  the  bulbar  centre,  bnt  when  the  action  of  tbe  latter  has  been 
rupted  by  section  of  tbe  cord,  certain  spinal  cells  below  the  eection 
on  central  functions  and  bring  about  a  re-establish  men  t  of  the  lost 
liar  tone.  Moreover,  tbe  central  fnnctioni  disappear  if  the  cord 
IT  the  section  be  destroyed* 

itfmpafheiic     Va^o-motor   Centres. — The   existence    of    sympathetic 

•motor  centres  has  been  proved  by  the  experiments  of  Goltz  and 

!•     It  was  found  by  these  observers  that  even  after  deetruetion  of 

rer  part  of  the  spinal  cord,  the  tone  of  the  vessels  of  the  hind 

lost  as  a  result  of  the  opersition,  w*ns  re-establish cd  later. 

kso-motor  Reflexes. — The  secondary  vaso-motor  centres,  when 

from  the  influence  of  the  bulbar  centre,  respond  to  afferent  im- 

I  by  vaso-niotor  action.     But  under  normal  conditions  the  bulbar 

iCODtrola  vaso-motor  reflexea.     The  afferent  impulses  which  excite 

vaso-motor  action  may  proceed  from  tbe  terminations  of  sensory 

ea  in  general  or  from  the  blood-vessels  themselves,  and  the  constric- 

or  dilatation  which  follows  generally  occurs  in  tbe  area  whence  tbe 

oWs  arise.     Yet  the  reflex  may  appear  elsewhere,  e.^.y  the  vessels  of 

•abin axillary  gland  dilate  when  tbe  tongue  is  stimulated — an  associa- 

jn  function*     Impulses  proceeding  to  tbe  vaso-raotor  centre  from  the 

imm  may  cause  vaso-dilatation  as  in  blushiftg^  or  vaao-constriction 

the  pallor  of  fear.     An  important  reflex  association  exists  between 

lis  of  the  skin  and  those  of  subjacent  parts.     It  is  generally  an 

relation;  that  is,  when  tbe  superficial  vessels  are  dilated  the 

are  contracted.     This  reflex  is  made  use  of  in  medical  practice 

poultices  are  applied  to  the  chest  in  pnenmonia,  the  lung  being  in 

lie  of  infliimmation, 

iSerent  influence  upon  the  vaso-motor  centre  is  well  shown  by  the 


J 
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action  of  a  nerve  calleti  the  depressor*  the  existence  of  which  jM 
moDjstrated  by  Vyon  iind  Liuiviig.  f 

It  U  a  Binal]  afferent  nerve  and  passes  up  from  the  heart  in  wV, 
takes  its  origin,  and  in  the  nibbtt  goes  upward  in  the  sheath  of  tl 
perior  laryngeal  branch  of  the  vagns  or  with  that  branch  and  thti 
itself,  eommuoicating  by  filaments  with  the  inferior  cervical  gu 
as  it  proceeds  from  the  heart. 

If  during  a  blood -press  lire  observation  in  a  mbbit  this  nerre  I 
vided,  and  the  central  end  (r>,,  that  nearest  the  brain)  be  stimalil 
remarkable  fall  of  blood-pressiire  takes  place  (fig,  203), 

The  cause  of  the  fall  of  blood -pressure  is  fonnd  to  proceed  froi 
dilatation  of  the  vascular  district  within  the  abdomen  supplied  h 
splanchnic  nerves,  in  conse€|iience  of  which  the  vessels  hold  a  i 
larger  quantity  of  blood  than  usual.  The  engorgement  of  the  fpl 
nic  area  very  greatly  diminishes  the  amount  of  blood  in  the  vesseli 
where,  and  so  materially  diniinishes  the  blood -pressure.  The  fca 
of  the  depressor  nerve  is  that  of  conveying  to  the  vaso-motor  cealf 
dications  of  such  couditioua  of  the  heart  as  require  a  diminutioa  d 


wig'  SB,— TrftdDK  nhowin^  the  efTect  on  bl<K>d-pr«iinir^  of  stlmuUtiDr  the  o«iitt«l  m$ 
DeprrMor  nerve  111  the  rAlibIL  To  be  reA*l  from  tis^ht  to  l«?fL  T.  iadicalM  tiiemt»«t«i 
reoordlDjr  ■urrat*^  wm.  tra veiling;,  the  tiitervuls  L"orT^pi>nd  to  leoobrlB;  C.  tbe  momealOlem 
eumot;  O,  iiiomt*tit  at  which  it  n  aa  nhiit  ofT  Thf  t^ff^t  is  nooie  time  la  developtiutatid  Mi 
tM  ottireot  hjut  b^n  i&k««ii  ofl.  Th*  largvr  uudulAtioia  are  the  rasplntorT  nerrMi  tAe  niM 
ilcMiBai*Tery«n«a    ^Foster.)  *^^^  *       '^ 

tension  in  the  blood-vessels;  as,  for  example,  that  tbe  heart  cannot, 
sufficient  ease,  propel  blood  into  the  already  too  full  or  too  tense  art 
It  has  been  further  shown,  by  Porter  and  Beyer,  that  the  fall  in 
pressure,  following  stimulation  of  tbe  depressor  nerve,  will  still  < 
even  if,  by  simnltaneotis  stimulation  of  the  splanchnics,  the  abdo 
blood-presBure  is  kept  at  a  constant.  It  is  therefore  evident  thi 
vaso-dilator  effect  of  depressor  nerve  stimulation  is  a  general  on 
not  confined  to  the  splanchnic  area. 
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The  action  of  tho  tlepresaor  nerve  in  causing  an  iDbibition  of  the 
i-motor  centre  illustrates  the  more  iin usual  etTect  of  alTurout  irapujges. 
a  rule,  the  stinmhition  of  the  central  end  of  an  ailerent  nerve  pro- 
es  a  reverse  or  pressor  effect,  ami  increases  the  tonic  influence  of 
centre,  and  by  causing  constriction  of  the  arterioles,  either  locally  or 
era!  ly,  raiees  the  blood -pressure.     Thus  tho  effect  of  etinmlating  an 
'ent  nerve  may  be  either  to  diluto  or  to  coustriit  the  arteriea,     Stim- 
ion  of  an  afferent  nerve  too  may  proilnoo  a  kind  of  pHnidoxicul  effect, 
ling  general  vascular  constriction  and  so  general  increase  of  blood- 
sure,  but  at  the  same  time  heal  dilatation  which  must  evidently  have 
immense  influence  in  increasing  tho  flow  of  blood  throngh  tlie  part. 
Course  of  the  Vaso-motor  Nerves. — The  cell  bodies  forming 
bulbar  vaso-motor  centre  give  off  nuuraxona  (axis-cylinder  processes), 
»  of  which  go  to  the  nuclei  of  certain  cranial  nerves,  while  others 
down  the  cord  to  end  at  different  levels  in  contact  with  cells — prob- 
BmaU  cells  in  the  anterinr  horn  and  lateral  part  of  the  gray  matter, 
le  cells  constitute  tho  spinid  centres.     Tho  neuraxona  of  tho  spinal 
leave  the  cord  in  certain  cranial  nerves  and  io  the  anterior  roots, 
€nd  in  sympathetic  ganglia  in  contact  with  tlicir  cell  bodies.     From 
le  latter,  neuraxong  pass  uninterruptedly  to  their  termination  in  the 
el  wall. 

lesidea  the  reguhition  of  the  heart  beat  and  of  the  peripheral  resist- 
i^it  must  be  recollected  that  other  circumstances  may  affect  the  blood 
mre,  of  which  changes  in  the  blood  are  the  chief.  First  of  all — 
As  regards  quantifi/.  At  6rst  sight  it  would  appear  probable  that 
of  the  easiest  ways  to  diminish  the  blood-pressure  would  he  to  re- 
Ve  blood  from  the  vessels  by  bleeding.  It  has  been  found  by  experi- 
ait,  however,  although  the  blood-pressure  sinks  while  large  abstractions 
blood  are  taking  place,  that  as  soon  as  the  bleeding  ceases  it  rises 
)idly,  and  speedily  becomes  normal;  that  is  to  say,  unless  so  large  an 
loant  of  blood  has  been  taken  as  to  be  positively  dangerous  to  life, 
itraction  of  blood  has  little  effect  upon  the  blood-pressure.  The  rapid 
I  to  the  normal  pressure  is  due  not  so  moch  to  the  withdrawal  of 
tph  and  other  tiuids  from  the  body  into  the  blood,  as  was  formerly 
jKieed,  as  to  the  regulation  of  the  peripheral  resistance  by  the  vaso- 
tor  nerves;  in  other  words,  the  snudl  arteries  contract,  and  in  so  do- 
maintain  pressure  on  the  blood  and  favor  its  accumulation  in  the 
irial  system.  This  is  due  to  the  stimulation  of  the  vaao-motor  cen- 
from  diminution  of  the  supply  of  blood,  and  therefore  of  oxygen. 
:  failure  of  the  blood-pressure  to  return  to  normal  in  the  too  great 
nietion  must  be  taken  to  indicate  a  condition  of  e:xhaustion  of  the 
ire,  and  consequently  of  want  of  regulation  of  the  peripheral  resist- 
In  the  same  way  it  might  be  thought  that  injection  of  blood  into 
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the  already  full  vessels  would  be  at  once  followed  by  rise  in  the 
pressure,  and  this  is  indeed  the  case  up  to  a  certain  point — the  pn 
does  rise,  but  there  is  a  limit  to  the  rise.  Until  the  amonnt  of 
Injected  equals  about  2  to  3  per  cent  of  the  body-weight,  the  pr 
continues  to  rise  gradually;  but  if  the  amount  exceed  thid  propor 
the  rise  does  not  continue.  In  this  case,  therefore,  as  in  the  opp 
when  blood  is  abstracted,  the  vaso-motor  apparatus  must 
act  the  great  increase  of  pressure,  but  now  by  dilating  the  sinill 
eels,  and  so  diminishing  the  peripheral  resistance,  for  after  eicb  I 
there  is  a  partial  fall  of  pressure;  and  after  the  limit  is  reached i 
whole  of  the  injected  blood  displaces^  as  it  were,  an  equal  qnantit^-wt^ 
passefl  into  the  small  Yeins,  and  remains  within  them.  It  should  bil 
membered  that  the  Teins  arc  capable  of  holding  the  whole  of  the 
of  the  body. 

Further,  as  we  have  seen,  the  amount  of  blood  supplied  to  thel 
both  to  its  substance  and  to  its  chumbers,  has  a  marked  effect  upoiit 
blood-pressure. 

b.  As  regards  quuHty,     The  quality  of  the  blood  supplied  to 
heart  has  a  distinct  effect  upon  its  contraction,  as  too  watery  or  1 
little  oxygenated  blood  must  interfere  with  its  action.     Thus  itapp 
that  blood  coutaiuiug  certain  substances  affects  the  peripheral  reaii 
hy  acting  upon  the  muscular  fibres  of  the  arterioles,  and  so  directly i 
ing  the  calibre  of  the  vessels. 

Proofs  of  the  Circulation  of  the  Blood. 

It  seems  hardly  necessary  at  the  present  time  to  bring  forward  1 
proofs  that  during  life  the  blood  circulates  within  the  body;  theyt 
so  well  known.     It  is  interesting,  however,  to  recount  the  main 
ments  by  which  Harvey  in  the  first  instance  established  the  fact  of 
circulation ;  they  were  as  follows : — 

1.  That  the  heart  in  half  an  hour  propels  more  blood  than  the  wh 
mass  of  blood  in  the  body; 

2.  That  the  blood  spurts  with  great  force  and  in  a  jerky  man 
from  an   opened   artery,  such  as  the  carotid,  with  every  beat  of 
heart; 

3.  That  if  true,  the  normal  course  of  the  circulation  would  eij 
why  after  death  the  arteries  are  commonly  found  empty  and  the  i 
fuli; 

4.  That  if  the  large  veins  uear  the  heart  be  tied  in  a  fish  or  i 
the  heart  becomes  pale,  flaccid,  and  bloodless;  and  that  on  movin 
ligature*  the  blood  again  flows  into  the  heart     If  the  artery  is  tied,  \ 
heart  becomes  distended,  the  distention  lasting  until  the   ligature  \ 
removed ; 

5.  That  if  a  ligature  round  a  limb  be  drawn  very  tight,  no  blood  i 
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BT  the  limb,  and  it  becomes  pale  and  cold.  If  the  ligature  be  some- 
it  relaxed,  blood  can  enter  but  cannot  leaTe  the  limb;  hence  it  be- 
ifls  swollen  and  congested.  If  the  ligature  be  remoTed,  the  limb 
1  regains  its  natural  appearance; 

B.  That  the  valYes  in  the  Teins  only  permit  the  blood  to  flow  toward 
]Mart; 

7.  That  there  is  general  constitutional  disturbance  resulting  from 
introduction  of  a  poison  at  a  single  point,  e.g.,  snake  poison; 
To  these  may  now  be  added  many  further  proofs  which  hare  accu- 
tatod  since  the  time  of  Harrey,  e.g. : — 

i*  That  in  wounds  of  arteries  and  Teins;  in  the  former  case  hemor- 
je  may  be  almost  stopped  by  pressure  between  the  heart  and  the 
ad,  in  the  latter  by  pressure  beyond  the  seat  of  injury; 
\,  That  the  passage  of  blood-corpuscles  from  small  arteries  through 
Dalies  into  veins  in  all  transparent  Tascular  parts,  as  the  mesentery, 
ine,  or  web  of  the  frog,  the  tail  or  gills  of  a  tadpole,  etc.,  may  actu- 
be  observed  under  the  microscope. 

^irther,  it  is  obvious  that  the  mere  fact  of  the  existence  of  a  hollow 
mlar  organ  (the  heart)  with  valves  so  arranged  as  to  permit  the 
I  to  pass  only  in  one  direction,  of  itself  suggests  the  course  of  the 
lation.  The  only  part  of  the  circulation  which  Harvey  could  not 
r  was  that  through  the  capillaries,  for  the  simple  reason  that  he 
lo  lenses  sufficiently  powerful  to  enable  him  to  see  it.  Malpighi 
)  and  Leeuwenhoek  (1668)  demonstrated  this  in  the  tail  of  the  tad- 
md  lung  of  the  frog. 


CHAPTER  VII. 

RESPIRATION. 

The  maintenance  of  animal  life  necessitates  the  continnal  ab& 
of  oxygen  and  excretion  of  carbonic  acid;  the  blood  being,  in 
mals  which  possess  a  well-developed  blood-vascalar  system,  the  i 
by  which  these  gases  are  carried.  By  the  blood,  oxygen  is  al 
from  without  and  conveyed  to  all  parts  of  the  organism;  and, 
blood,  carbonic  acid,  which  comes  from  within,  is  carried  to  thoe 
by  which  it  may  escape  from  the  body.  The  two  processes, — abs 
of  oxygen  and  excretion  of  carbonic  acid,  are  complementary,  as 
sum  is  termed  the  process  of  liespiration. 

In  all  Vertebrata,  and  in  a  large  number  of  Invertebrata,  certai 
'  either  lungs  or  gills,  are  specially  constructed  for  bringing  th 
into  proximity  with  the  aerating  medium  (atmospheric  air,  or  wal 
taining  air  in  solution).  In  some  of  the  lower  Vertebrata  (fr 
other  naked  Amphibia)  the  skin  is  important  as  a  respiratory 
and  is  capable  of  supplementing,  to  some  extent,  the  functions 
proper  breathing  apparatus;  but  in  all  the  higher  animals,  in 
man,  the  respiratory  capacity  of  the  skin  is  so  infinitesimal  that 
be  practically  disregarded. 

Essentially  a  lung  or  gill  is  constructed  of  a  fine  transparen 
brane,  one  surface  of  which  is  exposed  to  the  air  or  water,  as  t 
may  be,  while,  on  the  other,  is  a  network  of  blood-vessels, — the  oi 
aration  between  the  blood  and  aumting  medium  being  the  thin 
the  blood-vessels,  and  the  fine  membrane  on  one  side  of  which 
are  distributed.  The  difference  between  the  simplest  and  tl 
complicated  respiratory  membrane  is  one  of  degree  only. 

The  various  complexity  of  the  respiratory  membrane,  and  tl 
of  aerating  medium,  are  not,  however,  the  only  conditions  whic 
a  difference  in  the  respiratory  capacity  of  different  animals.  Th 
ber  and  size  of  the  red  blood-corpuscles,  the  mechanism  of  the  br- 
apparatus,  the  presence  or  absence  of  a  pulmonary  heart,  physioh 
distinct  from  the  systemic,  are,  all  of  them,  conditions  scarcely 
in  importance. 

It  may  be  as  well  to  state  here  that  the  lungs  are  only  the  i 
for  the  exchange,  on  the  part  of  the  blood,  of  carbonic  acid  for  i 
They  are  not  the  seat,  in  any  special  manner,  of  those  combusti 
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^  flOL— Outline  aJjowing:  the  i^vD^ml  form  of  the  lanrnx.  trachen^  and  bnanchf.  aase^n  from 
^  h,  The  gTfsiit  corau  otth*f  hyold  botie;  e,  ^pighAtm;  t,  HUt*erior,  and  t\  Inferior  corna  i>f  tJio 
IdeutilA^:  r.  middle  of  tho  cricoid'  cartlkiet* :  ti\  ih^  tut^hea.  i^huwlug  sixteen  ciirtilAgiuoutf 
I  A,  tlM  rtRl)t.  find  6\  ilit>  Jeft  brc>ncJtiLis.     i  Alleti  Tlioniiioci.  j     v  it|. 

fc  f06*r--OutJine  »<bowiiie  the  ^GfTtil  torm  of  the  larynx.  trticijeA.  and  brotichl,  ASRHii^a  from 
r  K  Great  txtnrn  of  tW  liyoid  bone;  t.  sufienor,  an'd  f '.  the  inferior  eonui  of  the  tliyroid 
Ige;  ^t  epiiflottis;  a,  pciint^  to  the  back  of  iKith  I  be  arytenoid  cartilages,  whltrh  art*  sur- 
i«d  bw  the  corikiciila  ;  c,  ihe  niJadle  Htlge  on  tbt*  l)ack  of 'the  cricoid  cartilage;  tr,  tb«  po8r 
membranous  port  of  t2ie  tr&cheA;  6*  b%  right  nod  left  bronchi.    (AUeo  Thomson.)    x  ^. 
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tion  with  the  oatside,  except  by  means  of  the  respintory  paasagcs. 
air  enters  these  passages  through  the  nostrils  or  through  the 
thence  it  passes  through  the  larynx  into  the  trachea  or  windpipe,  wU 
about  the  middle  of  the  chest  divides  into  two  tubes,  bronchi,  om 
each  (right  and  left)  lung. 

The  Larynx  is  the  upper  part  of  the  passage  which  leads  exclnrin 
to  the  lung;  it  is  formed  by  the  thyroid,  cricoid,  and  arytenoid  cwtili|l 
(fig.  204),  and  contains  the  vocal  cords,  by  the  vibration  of  which  A 
Yoice  is  chiefly  produced.    These  vocal  cords  are  ligamentous  boDJi 
attached  to  certain  cartilages  capable  of  movement  by  muscles, 
their  approximation  the  cords  can  entirely  close  the  entrance  into  thi 
larynx;  but  under   ordinary  conditions,  the  entrance  of  the  larynx 
formed  by  a  more  or  less  triangular  chink  between  them,  called  tk 
rima  glottidis.    Projecting  at  an  acute  angle  between  the  base  of  th 
tongue  and  the  larynx,  to  which  it  is  attached,  is  a  leaf-shaped  cartilage 
with  its  larger  extremity  free,  called  the  epiglottis  (fig.  205,  t) 
whole  of  the  larynx  is  lined  by  mucous  membrane,  which,  however, 
extremely  thin  over  the  vocal  cords.     At  its  lower  extremity  the  larjd 
joins  the  trachea.*    With  the  exception  of  the  epiglottis  and  then* 
called  cornicula  laryngis,  the  cartilages  of  the  larynx  are  of  the  hyibl 
variety. 

llie  Epiglottis, — The  supporting  cartilage  of  the  epiglottis  is  con- 
posed  of  yellow  elastic  cartilage,  inclosed  in  a  fibrous  sheath  (perichoi' 
drium).  and  covered  on  both  sides  with  mucous  membrane.  Theanti' 
rior  surface,  which  looks  toward  tlio  back  of  the  tongue,  is  covered  wifll 
mucous  membrane,  the  basis  of  which  is  fibrous  tissue,  elevated  towaB 
both  surfaces  in  the  form  of  rudimentary  papillae,  and  covered  wid 
several  layers  of  squamous  epithelium.  In  it  ramify  capillary  bloo4 
vessels,  and  in  its  meshes  are  a  large  number  of  lymphatic  channek 
Under  the  mucous  membrane,  in  the  less  dense  fibrous  tissue  of  whii 
it  is  composed,  is  a  number  of  tubular  glands.  The  posterior  or  larj* 
geal  surface  of  the  epiglottis  is  covered  by  a  mucous  membrane,  simili 
in  structure  to  that  on  the  other  surface,  but  its  epithelial  coat  is  thii 
ner,  the  number  of  strata  of  cells  is  less,  and  the  papillae  few  andk 
distinct.  Tlie  fibrous  tissue  which  constitutes  the  mucous  membrane 
in  great  part  of  the  adenoid  variety,  and  is  here  and  there  collected  inti 
distinct  masses  or  follicles.  The  glands  of  the  posterior  surface  ill 
smaller  but  more  numerous  than  those  of  the  other  surface.  In  maa 
places  the  glands  which  are  situated  nearest  to  the  perichondrium  ai 
directly  continuous  through  apertures  in  the  cartilage  with  those  ontl 
other  side,  and  often  the  ducts  of  the  glands  from  one  side  of  the  call 
-I 

*  A  detailed  account  of  the  structure  and  function  of  the  LAiynx  wiliii 
foimd  in  a  later  chapter. 


igh  and  open  upon  the  mucons  surface  of  the  other  side* 
^iets  have  been  found  in  the  epithelium  of  the  posterior  surface 
piglottis,  and  in  several  other  situatione  in  the  laryngeal  mncoua 
ne. 

Trachea  and  Bronchi, — The  trachea  extends  from  the  cricoid 
»,  which  ia  on  u  level  with  the  fifth  cervical  vertebra,  to  a  point 
»the  third  dorsal  vertebra^  where  it  divides  into  the  two  bronchi 


1  of  the  trachi?ii,    a ,  Coluniinar  ciliated  epithelium ;  h  aod  c,  proper  atructure  of 

i  tnembmiie,  oontAining  elastic  tflbrfs  cut  across  traogversdy;  d,  submucuous  tlMue 
B  glAnds,  e*  sepAmterfl  from  the  h>  aliue  cartilage^  g^  by  a.  ikiei  fibrous  tissue,  /;  hf 
at  of  flue  fibrous  tissue.    CS.  K.  Albock.) 


Mutmeot 


»ach  lung  (fig.  205).  It  measures,  on  an  average,  four  or  fonr-and- 
ichea  in  length  (12  to  14  cm,),  and  from  three-quarters  of  an  inch 
ich  in  diameter  (2  to  2^  cm.)^  and  is  essentially  a  tube  of  fibro- 
lembrane,  within  the  layers  of  which  are  enclosed  a  series  of  ear- 
ns rings,  from  sixteen  to  twenty  in  number.  These  rings  extend 
und  the  front  and  sides  of  the  trachea  (about  two-thirda  of  its 
erence),  and  are  deficient  behind  ;  the  interval  between  their  poste- 
lities  being  bridged  over  by  a  con  tin  nation  of  the  fibrous  mem- 
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brane  in  which  they  are  closed  (fig.  206),     The  cartilages  of  Uie  tr 
and  brooehml  tubes  are  of  the  hjaline  variety. 

Immediately  within  this  tube,  at  the  back,  is  a  layer  of  nne 

muscular  fibres,  which  extends,  /ra/i^e-er^c/y,  between  the  ends  ofl 
cartilaginoug  rings  to  which  they  aro  attached^  and  opposite  the  in 
vals  between  them,id6o;  their  evident  functiun  being  to  diminiah,! 
required,  the  calibre  of  ihe  trachea  by  approximating  the  ends  of  I 
cartikges.  Outride  there  are  a  few  longitudinal  bundles  of  mn 
tissne,  which,  like  the  preceding,  are  attached  both  to  the  fibroos  i 
cartilaginous  framework. 

The  mucous  membrane  consists  to  a  great  extent  of  adenoid 
aeparated  from  the  stratified  columnar  epithelium  which  lines  it 
homogeneous  basement  membmno.     This  is  penetrated  here  and  i 
by  channels  which  connect  the  adenoid  tissue  of  the  mucosa  with  I 
intercelhdar   substance   of  the   epithelium.    The  stratified  coin 
epithelium  is  formed  of  several  layers,  of  which  the  most  superficial! 
is  ciliated,  and  is  often  branched  downward  to  join  connective  tia 
corpuscles;  while  between  these  bnioched  cells  are  smaller  eloDg 
cells  prolonged  up  toward  the  surface  and  down  to  the  basement ! 
brane.     Beneath  these  are  one  or  more  layers  of  more  irregularly*! 
cells.     Many  of  the  superficial  cells  are  of  the  goblet  variety*    In 
deeper  part  of  the  mucosa  are  many  elastic  fibres  between  which  1 
connective- tissue  corpuscles  and  capilhiry  blood-vessels. 

Numerous  mucous  glands  are  situated  on  the  exterior  and  in  1 
substance  of  the  fibrous  framework  of  the  trachea;  their  ducts  perfoij 
ing  the  various  structures  which  form  the  wall  of  the  trachea, and] 
ing  through  the  mucous  membrane  into  the  interior. 

The  two  bronchi  into  which  the  trachea  divides,  of  which  the] 
is  shorter,  broader,  and  more  horizontal  than  the  left  [^g,  204),  i 
blc  the  trachea  exactly  in  structure,  with  the  difference  that  in  I 
there  is  a  distinct  layer  of  unetriped  muscle  arranged  circularly  ! 
the  mucous  membrane,  forming  the  muscularis  mucos(B,     On  ente 
the  substance  of  the  lungs  the  cartilaginous  rings,  although  they 
form  only  larger  or  smaller  segments  of  a  circle,  are  no  longer  con 
to  the  front  and  sides  of  the  tubes,  but  are  distributed  impartially  loi 
parts  of  their  circumference. 

The  bronchi  divide  and  subdivide,   in  the  substance  of  the  lu 
into  a  number  of  smaller  and  smaller  branches,  wiiich  penetrate 
every  part  of  the  organ,  until  at  length  they  end  in  the  smaller 
divisions  of  the  lungs,  called  lobules. 

All  the  larger  branches  have  walls  formed  of  tough  membrane,  ( 
taining  portions  of  cartihiginous  rings,  by  which  they  are  held  open,l 
nnstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of  elastic'' 
sue.     They  are  lined  by  mucous  membrane,  the  surface  of  which,  1 
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,t  of  the  larynx  and  trachea,  is  covered  with  ciliated  epithelium,  but 

m  several  layers  become  less  and  lees  distinct  until  the  lining  consists 

a  single  layer  of  more  or  less  cubical  cells  covered  with  ciliu  (fig*  207), 

le  mucous  membrane  is  abundantly  provided  with  mticous  glands* 

As  the  bronchi  become  smaller  and  smaller,  and  their  walls  thinner, 

}  c-artilaginous  rings  become  scarcer  and  more  irregular,  until,  in  the 

ier  bronchial  tubes,  they  are  represented  only  by  minute  and  scut- 

^^Dartilaginous  lakes.     And  when  the  bronchi,  by  successive  branches 

^mduced  to  about  -^  of  an  inch  {.C  mm.)  in  diameter,  they  lose  their 

Ptilaginous  element  altogether,  and  their  walls  are  formed  only  of  a 

Igh  fibroufi  elastic  membrane,  with  circular  muscular  fibres;  they  are 

[  lined^  however,  by  a  thin  mucous  membmne,  with  ciliated  epithe- 

fl,  the  length  of  the  ceils  hearing  the  cilia  having  become  so  far 

inished  that  the  cells  are  now  almost  cubical.     In  the  smaller  bron- 


.  3(l7.^TranBVQrs«  sectton  of  A  brouehua,  atiout  U  Inch  in  diameter,  e.  EpltbeUum  fcUiat«d>; 
fttetj  bluett th  it  ie.  the  mucotis  membrane  or  Infemjil  0bmua  layer,  of  T&iriiipf  tbJck:ne«»;  m, 
'  l&jer  ;  t.  n^  submuc^Dus  timui&if,  flbroiui  tisane  ;  c,  cartUiij^e  eDcloscKl  within  the  lajerm 
'  vue ;  g^  mucoua  glaad.    CF.  E.  Schulze.) 

the  circular  rauacular  fibres  are  relatively  more  abundant  than  in 

fc  larger  bronchi,  and  form  a  distinct  circular  coat. 
The  Lvn^Ji  and  Fieurm, — The  Lungs  occupy  the  greater  portion  of 
i  thorax.     They  are  of  a  spongy  elastic  texture,  and  on  section  appear 

like  naked  eye  as  if  they  were  in  great  part  solid  organs,  except  here 
1  there,  at  certain  points,  where  branches  of  the  bronchi  or  air-tubes 
f  have  been  cut  across,  and  show^  on  the  surface  of  the  section,  their 
ir  structure*     In  fact,  however,  the  lungs  are  hollow  organs,  each 

tthich  communicates  by  a  separate  orifice  with  a  common  air-tube, 
V  trachea. 
Each  lung  is  enveloped  by  a  serous  membrane — the  pleura^  one  layer 

f  which  adheres  closely  to  its  surface,  and  provides  it  with  its  smooth 

slippery  covering,  while  the  other  adheres  to  the  inner  surface  of 

1  chest-walL    The  continuity  of  the  two  layers,  which  form  a  closed 

,  as  in  the  case  of  other  serous  membranes,  will  be  best  understood 

I  reference  to  fig.  208.    The  appearance  of  a  space,  however,  between 
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the  pleura  which  covers  the  lang  {insceral  hijer),  And  that  which  U 
the  inner  surface  of  the  chest  {parietal  layer),  is  inaerted  in  thodn 
ing  only  for  the  sake  of  digtinctneed.  These  layers  »re^in  health^efi 
where  in  contact,  one  with  the  other;  and  hetween  them  is  only  jusi 
much  fluid  m  will  insure  gliding  easily,  in  their  expansion  and  conti 
tion,  on  the  inner  surface  uf  the  parietal  layer,  which  lines  the  ch 
wall  While  considering  the  subject  of  normal  re-spiration,  we  i 
discard  altogether  the  notion  of  the  existence  of  any  space  or  cai 
hetween  the  lungs  and  the  wall  of  the  chest. 

If,  however,  an  opening  he  made  so  as  to  permit  air  or  fluid  to  en 
the  pleural  eac,  the  lung,  in  rirtue  of  its  elasticity,  recoils^  and  a  com 
erable  space  is  left  between  it  and  the  chest- walL  In  other  words, 
natural  elasticity  of  the  lungs  would  cause  them  at  all  times  to  conn 


away  from  the  ribs  were  it  not  that  the  contraction  is  resisted  by  ati 
pheric  pressure  which  liears  only  on  the  tw^tr  surface  uf  the  air-ti 
and  air-cells.  On  the  admission  of  air  into  the  pleural  sac,  atmospt 
pressure  bears  alike  on  the  inner  and  outer  surfaces  of  the  lung, 
their  elastic  recoil  is  thus  no  longer  prevented. 

The  pulmonary  jtltnira  consists  of  an  outer  or  denser  layer  an^ 
inner  looser  tissue.  The  former  or  pleura  proper  consists  of  d 
fibrous  tissue  with  elastic  flhres,  covered  by  endothelium,  the  od! 
which  are  large,  flat,  hyaline,  and  tnvnsparent  when  the  lung  ie 
panded,  but  become  smaller,  thicker,  and  granular  when  the  lung 
lapses.  In  the  pleura  is  a  lymph-canalicular  system;  and  conn© 
tissue  corpuscles  are  found  in  the  fibrous  tissue  which  forms  its  gro 
work.  The  inner,  looser,  or  sub-pleural  tissue  contains  lamellse  of  fit 
connective  tissue  and  connective- tissue  corpuscles  between  them« 
merous  lymphatics  are  to  be  met  with,  which  form  a  dense  plexi 
vessels,  many  of  which  contain  valves.     They  are  simple  endotl: 
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id  take  origin  in  the  Ijmph-canalicular  system  of  the  pleura^ 
Scattered  bundles  of  iinstriped  muscular  fibre  occur  in  the 
bonary  pleura.  They  are  especially  strongly  developed  on  the  an- 
or  and  internal  surfaces  of  the  lunf^s^  the  parts  which  move  most 


ig.  300. — CfllAry  epKbellum  of  tbe  himmD  traclKii,  a,  L&^rer  of  lomgitudliiAlly  &rraiiKe{l  elastic 
;  6,  111— c meat  mecnbraiie  ;  r,  de(*p«Kt  cells,  cireulox  in  fonn  ;  d,  intermedfais  eloDgi^t^t^  cells ; 
voMWt  lajer  of  oellB  fully  developed  liad  bearing  cilia,    x  aso,    (KGHlker.) 

ly  in  respiration ;  their  function  is  doubtless  to  aid  in  expiration. 

etmctiire  of  the  parietal  portion  of  the  pleura  is  very  similar  to 

of  the  visceral  layer. 

Sach  lung  is  partially  subdivided  into  separate  portions  called  lobes; 
right  long  into  three  lobea,  and  the  left  into  two.  Each  of  these 
1,  ifl  composed  ol  a  large  number  of  minute  parts,  called  lob* 


^^  Tig,  ao.  Fig.  211. 

%.  21Ql— Terminal  onujch  of  a  bronchial  tube,  wltb  ita  lofundibula  and  air-cellA,  from  the  nmr- 
f  tbit  tan^  of  a  monkej.  injected  with  qyickail v«r.  a,.  Termiiml  broDchial  twig;  5  b,  iufusdlbula 
^-ec-Jli.    X  10-    <F.  R  Schuhte.) 

■.CUL— Two  smallliifuiidfbuta  or  groypaof  air-celK  o  ^t  with  sir-'Cellft,  b  b,  aad  tli«  iiltimatti 
pial  tubes,  e  c  with  which  tbe  air-cellB  oommuoicate.    From  a  uew-boni  child.    (KCLUker.) 


^  Each  pulmonary  lobule  may  be  considered  to  be  a  lung  in  minia- 
1^  consisting^  as  it  does,  of  a  branch  of  the  bronchial  tube,  of  air-cells, 
id-vessels,  nerves,  and  lymphatics,  with  a  sparing  amount  of  areolar 
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On  entering  a  lobule,  the  sman  broDchial  tabe»  the  stmctoirj 
which  hu6  been  just  deficribed  (a,  fig,  210)>  divides  and  snbdlTid 
walls  at  the  same  time  becoming  thinner  and  thinner,  until  at  1 
thej  are  formed  onl j  of  a  thin  membrane  of  areolar  and  elastic  til 
lined  by  a  hiyer  of  squamous  epithelium,  not  provided  with  cilia^ 
the  same  time,  they  are  altered  in  shape;  each  of  the  minute  ter 
branches  widening  out  funnel-wise,  and  its  walls  being  pouched  i 
irregularly  into  small  saccular  dilatations,  called  air-celh  (fig.  210,| 
Such  a  fuuuel'shapcd  terminal  branch  of  the  bronchial  tube,  witki 


ryi 


^ 


^^r 


A* 


A.  D. 


^K 


FIff.  212.— From  a  section  of  tfae  \\m%  of  a  cat.  staiDci]  Mt\\  silver  nitrate.    ▲.  D  AlvttblAr  d 
tDt4nrccllulAr  piuiAo^.    S.  Ai  veol&r  eepta.    N.  Alirei:)!!  or  air-x^Uji,  lLii«d  wltli  large  flat,  Qucka*^  ' 
with  iH}m««  smfUler  poly h^ral  nucleated  Cf*llft,     M,  UiwTrifK^  niuHciilar  fibres.     Circular  IL 
flbne-s  arc  we/ea  surroundinK  tlnp'lDtt'rior  of  the  aL^eolar  duet^  and  at  one  i^art  is  Beeo  a  groupoCi 
polyt]«»dral  cells  co>titlDuedfrom  the  broficbiia.    iKleUi  and  Noble  8aitth.) 


graup  of  pouchea  or  air-cells,  haa  been  called  an  infundibtdum  (figs.) 
211),  and  the  irregular  oblong  space  in  its  centre,  with  which  thei 
cells  communicate,  an  intercellular  passage. 

The  air-cella,  or  air-veeicles,  may  be  placed  singly,  like  recesses  1 
the  intercellular  passage,  but  more  often  they  are  arranged  in  group 
€Ten  in  rows,  like  minute  sacculated  tubes;  so  that  a  short  series  of  ^ 
icles^  all  communicating  with  one  another,  open  by  a  common  or 
into  the  tube.  The  vesicles  are  of  various  forms,  according  to 
mutual  pressure  to  which  they  are  subject;  their  walla  are  nearl 
contact,  and  they  rary  from  -^  to  -t}^  of  an  inch  {.5  to  .3  mm,)  in  d 
eter.     Their  walls  are  formed  of  fine  membrane,  similar  to  that  ol 
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'  pMmges,  and  coiitiuiiouH  with  it^  which  membrane  is  folded 
'  as  to  form  a  sluirp-edged  border  iit  each  circular  orifice  of 
Slcation  betweeu  contiguous  jiir* vesicles,  or  between  the  vesiclea 

bronchial  passages*  Numeroua  fibres  of  elastic  tissue  are  spread 
ireen  contiguous  air-cells,  and  many  of  those  are  attached  to  th© 
irface  of  the  fine  menibraue  of  which  each  cell  is  composed,  im- 

to  it  additional  strength,  and  the  power  of  recoil  after  disten- 
Phe  cells  iire  lined  by  a  layer  of  epithelium  (fig.  212),  not  pro- 
ith  cilia.  Outeide  the  cells,  a  network  of  pnlmonary  capillaries 
d  out  80  denstdy  (fig.  213,  that  the  interspaces  ur  meshes  are 
irrower  than  the  vessels,  which  are,  on  an  average,  Yifrir  ^^  ^^ 
t)  in  diameter.  Between  the  atjuosjdieric  air  in  the  cells  and 
d  in  Uiese  vessele»,  nothing  intervL*ncs  but  the  thin  walls  of  the 


^CKpillary  network  of  thrpulmouary  blocxl-vesaeb  In  tlit»  human  Itin^.  X  ^*  rKCtlllcer.) 

d  capillaries;  and  the  exposure  of  the  blood  to  the  air  is  the 

tlplete,  because  the  folds  of  membrane  between  contiguous 
often  the  spaces  between  the  walls  of  the  sarae^  contain  only  a 
ftjer  of  capillaries,  botli  sides  of  which  are  thus  at  once  exposed 
ir. 

Mr*vesicles  situated  nearest  to  the  f^entre  of  the  lung  are  smaller 
^networks  of  capillaries  are  doner  than  those  nearer  to  the  cir- 
^ce*     The  veisicles  of  adjacent  lobules  do  not  communicate;  and 

fbe  same  lobule  or  iirocceding  from  the  same  intercellular  pas- 
!>  as  21  general  rule  only  near  angles  of  bifurcation;  so  that, 
bronchial  tube  is  closed  or  obstructcil,  the  supply  of  air  is  lost 
ceils  opening  into  it  or  its  bnuiches. 
mpplff* — The  lungs  receive  blood   from  two  sources,  {a)  the 
iTT  artery,  (h)  the  bronchial  arteries.     The  former  conveys  venoug 
t  the  lungs  for  its  arterializatmi^  and  this  blood  takes  no  Bhai9 
18 
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in  the  nutrition  of  the  pulmonary  tissues  through  which  it  passeSi 
The  branches  of  the  bronchial  arteries  ramify  for  nutrition's  sake  in 
walls  of  the  bronchi^  of  the  larger  pulmonary  veRsels,  in  the  interiobd 
connective  tissue,  etc.;  the  blood  of  the  bronchial  yessels  being retoni 
chiefly  through  the  bronchial  and  partly  through  the  pulmonary 

Lymphatics. — The  lymphatics  are  arranged  in  three  sets : — 1.  Im 
ular  lacuna9  in  the  walls  of  the  alveoli  or  air-cells.  The  lymj^ 
vessels  which  lead  from  these  accomi)aiiy  the  pulmonary  vessels 
the  root  of  the  lung.  2.  Irregular  anastomosing  spaces  in  the  waDi 
the  bronchi.  3.  Lymph-spaces  in  the  pulmonary  pleura.  The 
phatic  vessels  from  all  those  irregular  sinuses  pass  in  toward  the  n 
of  the  lung  to  roiich  the  bronchial  glands. 

Nerves. — The  nerves  of  the  lung  are  to  be  traced  from  the  anteri 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of 
vagus  and  sympathetic.     The  nerves  follow  the  course  of  the  vessels 
bronchi,  and  in  the  walls  of  the  latter  many  small  ganglia  are  sitnatei 


The  Respiratory  Mechanism. 

Respiration  consists  of  the  alternate  expansion  and  contraction 
the  thorax,  by  means  of  which  air  is  drawn  into  or  expelled  from 
lungs.     These  acts  are  (tailed  Inspiration  and  Expiration  respectiTelj. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  tW 
necessary  is  such  a  niovunicnt  of  the  side-walls  or  floor  of  the  ches^ 
of  both,  that  the  capacity  of  the  interior  shall  be  enlarged.    By 
increase  of  ca])acity  there  will  be  of  course  a  diminution  of  the  pi 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  throagh 
hirynx  and  trachea  to  efjualize  the  pressure  on  the  inside  and  oui 
of  the  chest. 

For  the  ex])i ration  of  air,  on  the  other  hand,  it  is  also  evident 
by  an  opposite  uiovenient  which  shall  diminish  the  capacity  of  the 
the  pressure  in  the  interior  will  he  increased,  and  air  will  be 
until  the  pressure  within  and  without  the  chest  areagjiin  equal.    In 
cases  the  air  passes  through  the  trachcji  and  larynx,  whether  in  enl 
or  leaving  the  lungs,  there  being  no  other  communication  with  tlM 
tcrior  of  the  body;  and  the  lung,  for  the  same  reason, remains  udi 
the  circumstances  desc^rihed  closely  in  contact  with  the  walls  and 
of  the  chest.     To  speak  of  expansion  of  the  (»hest,  is  to  speak  alsoofi 
pansion  of  tlie  lunjcf. 

We  have  now  to  consider  the  means  by  which  the  respiratory 
ments  are  oflected. 

Inspiration. — The  enlarnrement  of  the  chest  during  inspiral 
due  to  muscular  action,  which  brings  about  an  increase  in  the  size  of 
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STuy  through  tliw  coutracitiuu  of  tho  iiispiriitory  muaclea,  therdle 
I  by  the  luogii  buiug  u  pa^bivo  onu.  Tiiti  cht^it  cavity  i^  iucreaeed 
rertical,  latoml,  aud  atiteTo-poBtorior  diameters.  The  miiacles  on- 
in  ordinary  iutipinitiou  are:  tlii^  liiuphrugm,  tJio  &caleiii,  the  oxter- 
tercoiital^,  part  of  the  iuteruai  Juteroo&talK,  levatorea  coatarum« 
kti  lunibori]iii,  and  the  serrati.  During  forced  inspiration  Dearly 
BUgcla  of  the  trunk  is  brought  into  play. 

9  vcriiral  dHunder, — Cbaugeta  in  this  ure  due,  firat,  to  the  contrac- 
the  diaphragm.     This  niusclo  has  tbo  ahape  of  a  llatteued  dome. 


;  repraieiitAUoii  «>r  iliuiilinitrTu.    In  * Kitlnitiim  (t).  ((ulet  liiaplnittoo  (It)*  und  clef^ 
tiispliutluti  \ III  1 .    t  Af t^r  bcluftullur.) 


llieet  point  being  the  central  tendon.  While  pafigive,  its  lower 
m  Are  in  apposition  with  the  client  walls  (Og.  214, 1).  On  contrac- 
be  dome  is  pulled  duwnward  and  the  lower  portions  away  from 
osi- walls,  the  downward  displaeeinent  varying  from  6-12  nini.  in 
1  rei^piratiou,  and  in  forced  respiration  njoy  auiouot  to  aB  much  m 
u  The  tendency,  retiulting  from  itj^  attach  men tn  to  the  lowur  ribs 
prer  part  of  the  internum,  of  pulling  thcae  inward  m  counteracted 
action  of  the  ahilominal  viscera,  which,  when  ]iresBcd  down,  tend 
IB  also  outward.     The  inward  traction  is  also  prevented  by  the 

II  the  f/uadraii  lumijornm,  which  by  their  attacbment  to  the  last 
pede  and,  in  case  of  deep  respiration,  may  even  pull  them  down- 
^lie  mrrali  pustici  ifi/eriore^  aid  the  above,  being  attached  to 
lower  ribs. 
ges  in  the  lateral  and  antero-poHterior  diamefers  are  effected  by 
i^ug  of  the  ribs,  the  greater  number  of  which  are  attached  very 
.to  the  spine  and  titernum. 
levation  of  the  ribs  takes  place  both  in  front  and  at  the  iidea 
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-the  b  hitler  end  a  being 


ited  from  perfurniiug  aoy  upi 


lurnii 

lueDt  by  tbiir  attachment  to  the  sjtine.  The  njovement  of  the  frj 
extremitieg  of  the  ribs  is  of  Deoeesity  accompanied  by  im  aputrd  i 
forwiird  movement  of  the  gternnni  to  which  they  are  attached)  theme 
m^nt  being  greater  at  the  lower  end  thaD  at  the  npper  end  of  th^J 
bone. 

Thi'  txjces  of  miahuu  in  these  raovements  are  two;  one  oorresp 
with  a  line  <Irawn  through  the  two  articulations  which  the  rib  I 
with  the  Bpine  (a,  i,  fig.  215);  and  the  other  with  a  line  drawn  f 


T\k.  215.— Pittgraoi  of  axes  rif  movement  of  ribs, 

one  of  these  (bead  of  rili)  to  the  sternnm  (A  1?,  fig.  215);  the  motia! 
the  rib  around  the  latter  uxiii  being  &ome what  after  the  fashion  of  rail 
the  liundle  of  a  buekot. 

The  elevation  of  the  ribs  is  accompanied  by  a  slight  opening  on 
the  angle  wliicli  the  bony  part  formis  with  itti  cartilage  (tig.  21C> 
and  thus  an  additional  means  is  provided  for  iucreaaing  the  ant 
posterior  diameter  of  the  chest. 

The  movements  of  all  the  ribs  except  the  twelfth  coDsist  of  a  i 
tion  opward,  forward,  and  backward;  but>  in  addition  to  this, 
fourth  to  tho  ninth  have  also  a  movement  upward  and  backward,  i 
the  tenth  and  eleventh  also  rotate  backward.  Tlie  twelfth  presents 
rotation  backward  and  downward. 

The  muscles  involved  in  these  movements  of  tho  ribs  are  the  «^i 
intercostal  a  and  the  part  of  the  inienml  intcrcosialit  situated  bet  w  eel 
costal  cartilages.     Their  action  ia  to  widen  the  intercostal  spaces. 
scukni  fix  the  ijni  and  second  ribd,  thereby  making  a  fixed  poil 
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lior  the  other  mnacleg  involved.     The  Herraii  posiiei  guperiores 
the  above  and  also  raise  the  third,  fourth,  and  fifth  ribs.     The 
ri«r  costarum  hmji  and  hrevi  elevate  and  evert  all  the  ribs  from  the 
i>  the  tenth. 

extraordinary  or  forced  inspiration,  which  nmy  be  due  either  to 
i  exercise  or  to  the  interference  with  the  due  entrance  of  air  into 
ngs,  all  the  above  miisclea  act  more  strongly.  The  diaphratjm  de- 
I  lower,  the  acaleni  raise  the  tirst  and  second  ribs  inetead  of  merely 
them,  as  in  ordinary  respi ration »  as  do  alBo  the  sterno-cleido- 

K*  These,  together  with  the  irecfo-r  spinoff  which  straighteii  the 
iDcrease  the  vertical  diameter^  while  tlie  following  assist  in  iu- 
ig  the  antero-pofiterior  and  lateral  diameters:  trupczii  and  the 
fidii^  which  by  fixing  the  shoulders  give  a  fixed  point  for  the  ao- 
l  the  pe<'iornh  and  htiissimi  dursi. 

le  expansion  of  the  chest  during  inspiration  preaenta  peculiarities 
erent  persons.  In  children  of  both  sexes  the  principal  muscle  in- 
seems  to  be  the  di:r  Mragm,  and  this  type  of  breathing  is  known 
tnnitml  brmthing.  In  man,  tlm  chest  and  sternum,  together  with 
out  wall  of  the  al>domen,  are  subject  to  a  wide  movement;  this 
I  breathing  is  called  the  htf trior  roshtf.  In  women,  the  movonient 
re  leas  extensive  in  the  lower  and  more  so  in  tlie  upper  part  of  the 
and  is  called  the  miperivr  costal  type. 

irpiration. — Quiet  expiration  is  a  passive  act  due  to  the  return  of 
orax  and  its  contained  lungs  to  their  normal  position  when  tlie 
efl  involved  in  inspiration  relax.  This  elaBtic  recoil  is  Bufficient  in 
iry  quiet  breathing  to  expel  air  from  the  hings.  In  furoed  expira- 
fjowever,  which  may  occur  to  a  slight  degree  in  speaking,  singing, 
18  well  as  in  the  e^se  of  many  involuntary  and  retles  uots^  such  m 
log,  ioeesing,  etc,,  certain  muscles  are  invohed.    Of  tbeae  the 


Pig.  216.— DiAifnim  uf  moveniirtnt  of  a  rib  i«  insplrattoa. 
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principal  are  the  abdominal  muscleB,  obliquus  eriemns  and  tm 
rectuH  abdominis^  iramsversdlis  abdominis^  and  pyramidalU,  TIn 
in  seyera]  ways,  first,  by  pressing  the  abdominal  viacera  agaii 
diaphragm  and  thereby  forcing  it  up,  their  descent  into  the  pel? ic 
being  prevented  by  the  contraction  of  the  let*aiore$  ani^  to  wbi 
name  of  pelvic  diaphragm  has  been  given ;  secondly,  by  their  i 
ments  to  the  lower  ribs  and  cartilages,  they  draw  these  downwai 
inward,  thereby  lessening  the  size  of  the  thoracic  cavity ;  lastly,  b; 
contraction,  they  form  a  fixed  point  for  the  action  of  that  part 
internal  iutercostals,  not  involved  iu  inspiration,  to  approxima 
ribs.  In  addition  to  the  above  the  triangularis  stemi  and  ifUernal 
ossei  also  play  a  certain  rdlo. 

When  by  the  efforts  of  the  expiratory  muscles,  the  chest  ha 
squeezed  to  less  than  its  average  diameter,  it  again,  on  relaxation 
muscles,  returns  to  the  normal  dimensions  by  virtue  of  its  elaf 
The  construction  of  the  chest-walls,  therefore,  admirably  adapte 
for  recoiling  against  and  resisting  as  well  undue  contraction  as 
dilatation. 

In  the  natural  condition  of  the  parts  the  lungs  can  never  cc 
to  the  utmost,  but  are  always  more  or  less  "on  the  stretch,"  beia 
closely  in  contact  with  the  inner  surface  of  the  walls  of  the  cb 
cohesion  as  well  as  by  atmospheric  pressure,  and  can  contract  awa; 
these  only  when,  by  some  means  or  other,  as  by  making  an  opeoii 
the  pleural  cavity,  or  by  the  effusion  of  fluid  there,  the  pressure 
exterior  and  interior  of  the  lungs  becomes  equal.  Thus,  under  or 
circumstances,  the  degree  of  contraction  or  dilatation  of  the  li 
dependent  on  that  of  the  boundary  walls  of  the  chest,  the  outer  ( 
of  the  one  being  in  close  contact  with  the  inner  surface  of  the 
and  obliged  to  follow  it  in  all  its  movements. 

Methods  of  recording  Respiratory  Movements. 

Tlio  movemonta  of  respiration  may  Ix^  reconled  graphically  in  seven 
The  oniinarj'  metliod  is  to  intnxiuce  a  tulx?  into  the  trachea  of  an  anin 
to  connwt  this  tiilx*  by  some  p:utta-iH»rcha  tubing  with  a  T  piece  int 
into  tlie  cork  of  a  largt^-sizi^l  btittlo.  tlie  other  end  of  the  T  having  atla 
it  a  stH^ond  piei*e  of  tubing,  wliieh  can  remain  open  or  can  be  pan 
oompli»tely  oU>s<hI  by  means  of  a  scnnv  elamp.  Into  tlie  cork  is  inserte 
ond  piei^e  of  ghuss  tubing  eonnectetl  with  a  Marey's  tambour  by  suitable 
This  second  tube  communicates  any  alti'ration  of  tlie  pressure  in  the  1 
the  tamlxmr,  and  this  may  U^  made  t<^  write  on  a  recording  sarti 
173).  If  Uio  tulK»  attacheil  t<^  the  T  pitve  bi»  closed  the  movements  of 
tion  and  expiration  art*  larger  than  if  it  were  open.  The  alteratioi 
presaun^  within  the  lungs  on  inspinition  and  expiration  is  shown  by  th 
ment  of  the  column  of  air  in  the  trachea.  By  these '^  means  a  record 
respirator}'  movements  may  be  obtained. 


TmriouB  iuBtmments  for  recording  the  iiiovenientfi  of  the  cheat  by  apptica- 
of  apparatus  to  the  exterior.  Such  ia  tJie  stethometer  of  Burton  8ander- 
Tliis  consists  «f  a  frame  formed  of  two  parallel  steel  bar^  joined  by  a 
td  at  one  end.  At  the  free  end  of  the  bars  is  attached  a  leather  strap,  by 
118  of  which  the  apparatus  may  ^y*"  nn^iH^ndt^d  frona  the  neck.  Attached  to 
Itwer  end  of  one  bar  is  a  tambour  and  ivory  tmtton,  to  the  end  of  the 
r  an  ivory  button.  When  in  UMe,  tlie  apporatUi*  in  sUBpended  with  tlie 
bar  posteriorly,  the  button  of  tlie  tambour  is  placeil  on  the  part  of 
cheei  the  moYement  of  which  it  is  desired  to  record,  and  the  other  button 


,  217. — 8t«thogrttph  or  pEPtmiograpb.  /(,  tAmbour  fixed  atriKht  mi^Iafl  to  plat«of  steel  f; 
,  arms  by  wbich  iniirument  k  atuiL'hfi)  lu  uln'^t  by  bi'lt  t.  \Vl\t>n  tli#  ehenL  expaudjt,  xho 
v^  pulled  aflundcr,  which  beiiiiff  th^'  ntiv^l  pluto,  uiid  t  h<^  tiuiibour  m  iifTeettMi  bj  the  prvamm 
'  'I  is  aU4icheJ  to  It  on  the  tme  Lumtl,  aiid  to  the  upright  in  cuuuLxtiou  wltli  hurbcutiUU,  florew 
'    I  from  Matvy'a  iiwtnimewt-j 

to  press  upon  the  correspond ieg  side  of  the  cheet,  so  tliat  the  chest  is, 

were»  held  betiveen  a  pair  of  calipera.     The  tamlM>ur  in  connected  by 

and  a  T  piece  with  a  retxirding  tamliour  of  Mani-y's,  and  with  a  ball, 

of  which  air  can  be  squeested   iiit4_>  the  cavit>^  of   the  tympanum. 

in  work  the  t^he  conneet<*<i  with  thi^  air  Imll   is  shut  off  by  means  of  a 

r  chunp.     The  movement  of  the  chest  is  thus  communicated  to  the  recording 

L  simpler  form  of  this  apparatus,  called   a  paeumog:raph  or    stethograph, 

sistiug   of  a  thick  IndiaruhUrT  Imi^  of  elliptical  shaiK*  about  tliree   inches 

lo  one  end  of  which  a   rigid  gtitta-i)ereha  tiilx^   is  attached.     This  bag 

f  be  fixed  at  any  requiretl  place  on  the  chrst  by  means  of  a  strap  and  buckle. 

t  of  the  gtittaperclm  lube  the  variations  of  the  presssure  qI  air  in  tlie 

{produced  by  the  movements  of  the  chest  are  communicatetl  to  a  recording 

ar.     This  apparatus  in  a  simplified  form  of  Marey's  pneumograph  (fig. 


I  variathins  of  intrapleural  pressure  may  be   recorded  by  the   introducton 
,  nanula  into  the   |)lonral  or  i>ericardial   cavity,  wliich  ii*  connected  with  a 
1.1  manometer, 

Jly,  it  has  l»et^n  found  jKiiwible  in  various  waya  to  record  the  dia- 
^matic  movements  by  the  insertion  of  an  elastic  l)ar  connected  ivith  a 
iHir  into  the  abdoujen  btdow  it  (phrenograph) ,  l)y  the  insertion  of  needles 
different  parts  of  its  structure,  or  by  according  the  contraction  of  isolated 
i  of  the  diapbi-agni, 
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The  acts  of  expansion  and  contraction  of  the  cheet  take  up  i 
ordinary  circumstances  a  nearly  ci^ual  time.  The  act  of  inspirini 
however,  especially  in  women  and  children,  is  a  little  shorter  thai 
of  expelling  it,  and  there  is  commonly  a  very  slight  pause  betwec 
end  of  expiration  and  the  beginning  of  the  next  inspiration.  Tb 
piratory  rhythm  may  be  thus  expressed : — 


Inspiration 
Expiration 


6 
orC 


A  very  slight  pause. 


If  the  ear  be  placed  in  contact  with  the  wall  of  the  chest,  or  \ 
arated  from  it  only  by  a  good  conductor  of  sound  or  stethoscope,! 
respiratory  murmur  is  heard  during  inspiration.     This  sound 


Tube  to  oommu- 
nkate  with  re- 
oordiog  taxn- 
honx. 


BtUtoffllAppa-  „. 
imtoa  with  air. 


Fip.  218.— Rt*»thometer.    (Bunion  Sanderson.) 


somewhat  in  different  parts — being  loudest  or  coarsest  in  the  neij 
hood  of  the  trachea  uud  largo  bronclii  (tracheal  and  bronchial  breat 
and  fading  off  into  a  faint  sigliing  as  the  oar  is  placed  at  a  distance 
these  (vesiouhir  breathing).  It  is  best  heard  in  children,  and  in 
a  faint  murmur  is  lieard  in  exj)inition  also.  The  cause  of  the  v« 
murmur  has  received  various  explanations.  Most  observers  hoL 
the  sound  is  produced  in  tlio  glottis  and  larger  bronchial  tubes,  bi 
it  is  modified  in  its  passage  to  the  pulmonary  alveoli.  In  dia 
tl)0  lungs  the  vesicular  murmur  undergoes  various  modifid^tioi 
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ptioTi  of  whi/^h  one  niiist  couault  text-books  on  physical  diag- 

)^iraiory  Movamnts  of  fhe  Xosirils  mid  of  the  (Hotiis, — Daring 
tion  of  the  muscles  whicli  direetly  dniw  air  into  the  chest,  those 
guard  the  opening  through  which  it  entera  lire  not  passive.  In 
d  breathing  tlie  instinctive  dihitjitioii  of  the  nostrils  is  well  seen, 
gh  under  ordinary  conditions  it  may  not  be  noticeable.  The 
kg  at  the  upper  part  of  the  larynx,  however,  or  rima  glottidia,  is 
I  at  etich  iTis|)iration  for  the  more  ready  passage  of  air,  and  be- 
smaller  at  each  expiration;  its  condition,  therefore,  corresponding 


j-u 


-TL. 


-n_ 


IH  i  r  1  I  t  I  I  M  I  1  r  I  >  i  I  t  I  I  r  i 


TmcinK  of  Ujc  ut*niml  tliaphraprrri  re«pirati^>ns  of  ruhUit,    n,  wjth  cjiiick  mov«m6»tof 
tti   slow  mo%'em*^nt.    .i,  inHplraliim,   k.    t^xiiiraLiini.     To  l*>  n"iul   from  left  to  right. 


;  respiration  with  that  of  the  walls  of  the  chest.  There  is  a  fiir- 
Iteness  between  the  two  acts  in  that,  under  ordinary  circnmetan- 
B  dilatation  of  the  rinia  glottidis  is  a  muscuhiraet  and  itscontrac- 
lielly  an  elastic  recoil;  although,  under  various  conditions  to  be 
ter  mentioned,  there  may  be  in  the  latter  considerable  muscuhir 

Rercised. 
US  used  to  express  Quantity  of  Air  breathed.~a.  Breaih- 
iidal  tiirf  is  the  i|uantity  of  air  which  is  habitually  and  almost 
mly  ehanged  in  each  net  of  breathing.  In  a  healthy  adult  man 
^t  30  cubic  inches,  or  about  500  ecni.,  or  half  a  litre. 
^mnplemental  <iir,  is  the  quantity  over  and  above  this  which  can 
mi  into  the  lungs  in  the  deepest  inspiration;  its  amount  varies, 
be  reckonded  m  100  cubio  iuchesi  or  tibout  1|600  corn* 
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c.  Ji^serve  air. — After  ordinary  cxpiratiou,  Bucb  ai  that  which  expab. 
tho  brcuthing  or  tidul  uir,  a  certain  quantity  of  air,  aboat  100  cnbiv 
inches  (l,GOO  com.)  remains  in  tho  hmgs,  which  may  be  expelled  bji^ 
forcible  and  deeper  expiration.  This  is  termed  reserve  or  supplemeDtd.' 
air. 

d.  Kesidual  air  is  the  quantity  which  still  remains  iu  the  Inngiaffcd 
tho  most  violent  exi)iratory  effort.  Its  amount  depends  in  great  meM 
ure  on  tho  absolute  size  of  the  chest,  but  may  be  estimated  at  about  INJ 
cubic  inches,  or  about  1,G0C)  ccm.  to  2,000  ccm.  | 

The  total  <(uantity  of  air  which  pisses  into  and  out  of  the  lungi 
an  adult,  at  rest,  in  24  hours,  is  about  G8G,000  cubic  inches.  ThisqnMi 
tity,  however,  is  largely  increased  by  exertion;  the  average  amount  fl 
a  hard-working  laborer  in  the  siime  time  being  1,5G8,390  cubic  inch* 

e.  licspiratonj  Caparitij, — The  grcjitcst  respiratory  capacity  of  ttl 
chest  is  indioiitod  by  tho  quantity  of  air  whioh  a  jierson  can  expel 
his  hmgs  by  a  forcible  oxpinition  after  the  dcei>est  inspiration  posiilill 
it  expresses  tho  power  which  a  person  has  of  breathing  in  the  enn 
cies  of  active  exorcise,  violence,  and  disease.  The  average  capacity 
an  adult,  at  15.4°  C.  (G0°  F.),  is  about  225  to  250  cubic  inches,  or  3^51 
to  4,000  ccm. 

Tlio  respiratorjf  rapacity,  or  as  Jolni  Hutchinson  called  it,  vital  ca] 
is  usually   nioasure*!  by  a  iiKKlifiod  gasometer  or  npiromeier,  into  which 
exi)erimontt*r  bn'athoH,— inakinj?  tho  niont  prolonge<l  expiration  possible 
the  dei'pest  ]K>KHible  inspiration.     Tlio  (]uaiitity  of  air  which  is  thus 
fn>ni  tho  lunjj:s  is  indioat^^l  by  tho  hoi^ht  to  which  the  air  chamber  of 
Hpiromotor  risos ;  and  l)y  nutans  of  a  scalo  plaocnl  in  connection  with  this, 
nuinlK»r  of  cubic  inchw  \h  roatl  oil. 

In  liealtliy  men,  tho  respiratory  capacity  varies  chiefly  with  tl 
stature,  weight,  and  atro. 

It  was  found  by  Ilutcbinson,  from  whom  most  of  our  informstil 
on  this  subjoct  is  dorivod,  that  at  a  toniporature  of  15.4"  C.  (60°  R 
225  cubic  inches  is  the  avonigo  vital  or  respiratory  capacity  of  a  healfl 
person,  five  foot  sovon  inches  in  height. 

CircniiiHianevH  iiffvctiiuj  thr  amount  of  respiratonj  capacity. — For  every 
of  height  al)ovo  this  standard  th(»  capacity  is  inonMwed,  on  anavera^,  by « 
inches ;  and  for  every  inch  Ik»1ow,  it  is  diininishiHl  by  the  same  amount. 

The  infhienco  of  wvitjiit  on  tho  capacity  of  respiration  is  less  manifest 
considoralih*  tlian  that  of  lioi^lit :  and  it  is  difticnit  to  arrive  at  any  deflii 
conchisions  on  this  iM)int.  lM»causo  the  natunil  avorape  weight  of  a  h 
man  in  relation  to  stature  has  not  yet  Iwen  detennintHl.  As  a  general 
niont,  however,  it  may  Im'  siiid  tliat  tho  cajiacity  of  rc^spiration  is  not  affed 
by  weights  under  ICd  ]Hninds,  or  11. }  stones;  but  that,  al>ove  tJi is  point,  ii 
diminished  at  th«'  rate  of  ont*  cubic  inch  for  every  additional  pound  uptol 
]M)unds  or  14  stones. 

By  atje,  the  caiwicity  ai)ix,'ars  to  be  increased  from  about  the  fifteenth  to 
thirty-fifth  year,  at  the  rate  of  five  cubic  inches  \yex  year;  from  thirty-fiTe 
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r-five  it  dimintBhc^  at  ihe  ratp  *>f  al>ciiit  one  and  a  hall'  riiV*ic  inch  per  year ; 
ml  the  eapftcity  uf  n^s{>i  ration  tif  ii  uiim  «>f  Hixty  >i^arH  mKI  vvould  ln^  alniut 
ibic  inches  lesd  Ihiin  thai  of  ti  nvdu  of  forty  yearn  nkh  ot  the  same  height 
Breight.      (John  HutrhiusoiL) 

rho  number  of  respirtitions  in  a  heulthy  iidult  person  usually  rangeB 
I  14  to  18  per  iiiiiiutu.  It  is  greater  iti  iiifiiney  and  childhoorL  It 
!fi  also  nmcli  according  to  dilfereiit  cireu  in  stances,  such  as  exercise 
«t,  health,  or  difleaae,  etc,  VariatiouB  in  tho  number  of  respirations 
s8pond  ordiniirily  with  aimilar  variations  in  the  pulsations  of  the 
l«  In  hejdth  the  proportion  is  abuut  1  to  -3,  or  1  to  5,  und  when  the 
lity  of  tho  heart's  action  is  inereascd,  that  of  the  ehe^t  movement  is 
tnonly  increased  also;  hut  not  in  every  case  in  equal  proportion.  It 
lens  occasion  ally  in  di^sease^  especially  of  the  lungs  or  air-passjiges, 

tiie  number  of  reHpirninnj  acts  increases  in  quicker  proportion  than 
beats  of  the  puJsr;  and,  in  other  afTections,  much  more  commonly, 

the  number  of  the  pulses  is  greater  in  proportion  than  that  of  the 
imtions. 

Fhe  Force  of  Jnftpirahry  and  Ejrpirntnrif  Mitsrk.H, — The  forco  with 
)h  the  inspiratory  muscles  are  capable  of  acting  is  greeteet  in  in<ii- 
itljs  of  the  height  of  from  ^\X'  feet  seven  inches?  to  five  feet  eight 
ea,  and  will  elevate  a  ediumn  of  three  inches  of  mercniy.  Above 
height  the  force  decreases  as  the  stiiture  inereiit^es:  so  that  the  aver- 
ot  men  of  six  feet  can  elevate  only  about  two  and  a  half  inches  ol 
Bury.  The  force  manifested  in  the  strongest  expiratory  acts  is,  on 
ATerage,  one-third  greater  than  that  exercised  in  inspiration.     But 

difference  is  in  great  measure  due  to  the  power  exerted  by  the 
ic  reaction  of  the  walls  of  the  chest;  and  it  is  also  much  influenced 
be  disproportionate  strength  which  the  expiratory  muscles  attain, 
I  their  being  called  into  use  for  other  pui-poses  than  that  of  simple 
nitiou.     The  force  of  the  inspiratory  act  is,  therefore,  better  adapted 

that  of  the  expiratory  for  testing  the  muscular  strength  of  the 
)^     (John  Hutchinson*) 

Umghis  Powell  has  shown  that  within  the  liinits  of  ordinary  tran* 
respiration  the  elastic  resilience  of  tho  wull8  of  the  chest  fuvors  in* 
tion;  and  that  it  is  only  in  deep  inspiration  that  the  ribs  and  rib- 
biges  offer  an  opposing  force  to  their  dilatation.  In  other  words, 
^Iftatic  resilience  of  the  lungs,  at  the  end  of  an  act  of  ordinary 
lling*  has  dniwn  the  chest-walls  within  the  limits  of  their  normal 
M>  of  expansion.  Under  all  circumstances,  of  course,  the  elastic 
^  of  the  lungs  opposes  inspiration  anrl  favoi^  expiration. 
» IB  possible  that  the  contractile  power  which  tlie  bronchial  tubes 
lr-Te«iclea  possess,  by  means  of  their  wn.^mfar  fihrps  may  (1)  assist 
pimtion;  but  it  is  more  likely  that  its  chief  purpose  is  (2)  to  regn- 
nd  adapt,  in  mm^  measure^  the  quantity  of  air  admitted  to  the 
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lungs,  and  to  each  part  of  them,  according  to  the  supply  of  blood 
the  muscular  tissue  contracts  upon  and  gradually  expels  collectio 
mucus,  which  iTiay  have  accumulated  within  the  tubes,  and  which  ci 
be  ejected  by  forced  expiratory  efforts,  owing  to  collapse  or  other 
bid  conditions  of  the  portion  of  lung  connected  with  the  obstn 
tubes  (Oairdner).  (4)  Apart  from  any  of  the  before-mentioned  1 
tious,  the  presence  of  muscular  fibre  in  the  walk  of  a  hollow  fi 
such  as  a  lung,  is  only  what  might  be  expected  from  analogy  with  < 
organs.  Subject  as  the  lungs  are  to  such  great  variation  in  sii 
might  be  anticipated  that  the  elastic  tissue,  which  enters  so  largely 
their  composition,  would  be  supplemented  by  the  presence  of  i 
muscular  fibre  also. 

Respiratory  Changes  in  the  Air  Breathed. 

Composition  of  t lie  Atmosphere, — The  atmosphere  we  breathe  hi 
every  situation  in  which  it  has  been  examined  in  its  natural  sti 
nearly  uniform  composition.  It  is  a  mixture  of  oxygen^  nitrogen, 
bon  dioxide,  argon,  and  watery  vapor,  witli,  commonly,  traces  of  o 
gases,  as  ammonia,  sulphuretted  hydrogen,  etc.  Of  every  100  vfk 
of  pure  atmospheric  air,  79  volumes  (on  ad  average)  consist  of  nitiq 
the  remaining  21  of  oxygen.  By  weight  the  proportion  is  N.  77, 0. 
The  proportion  of  carbon  dioxide  is  extremely  small;  10,000  voluiw 
atmospheric  air  contain  only  about  4  or  5  of  that  gas. 

Tlie  (luantity  of  watery  vapor  varies  greatly  according  to  the  tem 
ature  and  other  circunistaiujes,  but  the  atmosphere  is  never  witi 
some.  Ill  this  country,  the  avenige  quantity  of  watery  vapor  in  thi 
mosphere  is  1.40  ])er  cent. 

Co7npositio7i  of  Air  which  has  l>cen  l)rvathe(l, — The  changes  effe 
by  respiration  in  tlie  atmospheric  air  are:  1,  an  increase  of  tempera! 
2,  an  increase  in  the  (juantity  of  carbonic  acid;  3,  a  diminution  ii 
quantity  of  oxygen;  4,  a  diminution  of  volume;  5,  an  increase  in 
amount  of  watery  vapor;  G,  the  addition  of  a  minute  amount  of  orj 
matter  and  of  free  ammonia. 

1.  The  en  pi  red  air,  heated  ])y  its  contact  with  the  interior  oi 
lungs,  i\s*  (at  least  in  most  climates)  hotter  than  the  inspired  air. 
temperature  varies  between  :i()^--;]7.5"  C.  (97°  and  99.5°  F.),  the  1 
temperature  being  observed  when  the  air  has  remained  but  a  short 
in  the  lungs.  Whatever  may  be  the  temperature  of  the  air  whc 
haled,  it  acquires  nearly  that  of  tlie  blood  before  it  is  expelled  fron 
chest. 

2.  The  Carbo7iic  dioxide  is  increased;  but  the  quantity  exhaled 
given  time  is  subject  to  change  from  various  circumstances, 
eyery  volume  of  air  inspired,  from  4  to  fi  per  cent  of  oxygen  is  abstra 


iile  a  rather  BCiuller  quiuitity,  4.0  of  carbon  ditixule  h  ftdded  in  its 
ice:  the  expired  air  will  contain,  tlierofort%  4uO  vols,  of  carbon  dioxide 
10,000.  The  quantity  of  carbon  dioxide  exhaled  into  the  air  breathed 
A  healthy  mliilt  man,  cidciilating  that  '20  ccni.  of  the  500  ccin.  of  the 
breathed  out  at  each  expiration  consists  of  carbon  dioxide,  and  that 
rate  of  reapiratiou  is  on  an  average  iri,  tlie  total  amonnt  won  Id  be 
mi  460  litres  in  the  24  hours.  From  acttial  experiment  this  amount 
to  be  too  high,  since  from  the  average  of  many  investigations  the 
i3  amonnt  of  carbon  dioxide  excreted  per  diem  hm  been  found  to  be 
»Ql  400  litres,  weighing  800  grms.,  consisting  of  21H  grms.  of  C,  and 
grms-  of  0.  From  this  has  to  bo  deducted  about  10  grms.  excreted  in 
other  way  than  by  the  lungs,  it  leaves  about  215  grms,  as  the  amount 
3-  excreted  by  the  average  healthy  man  by  respiration  each  day  and 
ht,  that  IB  about  7  oz.,  about  half  a  pound.  These  quantities  must 
considered  approximate  only,  iuasmiicli  as  various  circumstances,  even 
health,  influence  the  amount  of  carbon  dioxide  excreted,  and,  correla- 
idy,  the  amount  of  oxygen  absorbed. 

firmmsimtces  injluencifig  iltc  amoHut  of  carbon  duxBide  exereted^^a.  Age 

iBeoR, — ^The  quantity  of  carbon  dioxitlo  t^xhaled  into  the  air  breatbed  by 

>  fc|fularly  incrt'a8<?8  from  8  to  30  years  of  figo  ;  from  30  to  50  the  quantity, 

nAnainiug  stationary  fnr  a  while,  gradually  diminishes,  tiDd  from  50  to 

le  age  it  goes  on  dimiuialdDg,  till   it  Bcarcely  exceeds  the  i|uantity  ex- 

at  ten  ycare  old.     In  females  (in  wlumi  the  (juiintity  exhaled  is  always 

tliaii  in  males  of  the  same  age)  the  siime  re^uhir  jDcretise  in  quantity  goes 

iKtni  ihe  8th   year  to  the  age  of  puberty,  when  tlie  quantity  ahruptly  ceases 

UicTBaiJe.  <iiid   remains  stationary  so  long  an  they  coutiuiie  to  menstruate. 

m  menstruation  has  ceased,  it  goon  decreases  at  the  same  rate  as  it  does  in 

men. 

h.  lifstptntioif/  Movements. ^The  quicker  the  respiratj**nH,  the  Hmaller  in  the 

portionate  quantity  of  carbon  diuxkleei>ntaitied  in  each  volume  of  the  expired 

Aithough  the  jirop*irtionate  quantity  of  carbon  dii»xide  is  thus  dinitnisbed, 

Absolute  amount  ex!iaied  within  a  given  time  is  increased  thereby,  owing  to 

fpigier  qtiantitj'  of  air  which  is  l>reathed  in  tbo  time.     The  lost  half  of  a  vob 

■t  of  expired  air  conUims  more  carbonic  at;id   thwri  the  half   first  expired  ;  a 

*ttmd*ance  whieh    ih  explaioeil   by  the  one  imrtion  of  air  comiog  from  tho 

part  of   the  lungs,  where  it  has  been  in  more  imuiediate  and  firolonged 

with  the  bloO€l  than  the  otber  hiis,  which  comet*  chietly  from  the  hirger 

ial  tube**. 

External    tcmjxTuinre, — The   observation    made   by   Vierordt  at   various 

Ipcratures  between  8.4'^^23.8^  C.  (38"  F.  and  75"  F,)  show,  for  warm-blooded 

that  within  tlds  range,  every  rise  eitual  to  ^.^°  C.   (10''  ¥.)  causes  a 

iution  of  alxiut  33  ccm.   (2  cubic  inclies)  in  the  quantity  of  carbonic  acid 

per  minute, 

d  Seft9frft  nf  the  Year. — The  season  of  tlie   year,  independently  of  tempera- 
influences  the  respiratory  phenomena  :  spring  being  the  season 
thp  1,  and  autumn  of  the  least  activity  of  tlie  respiratory  and  otlier 

Ictionii. 
iL  Purity  of  the  Bespired   ^ir.— The  average  quantity    o£  carbon  dioxide 
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given  out  by  the  lungB  constitutes  about  4.3  per  cent,  of  tlie  expired  lir; 
if  the  uir  which  is  breathed  be  previously  impregnated  with  carbon  dio 
(08  is  the  case  wiieu  tlie  same  air  is  f re(|uently  respired) ,  then  the  qiuuitil 
carbon  dioxide  exhaled  U^coiiies  relatively  much  less. 

/.  Ilyfjrometric  State  of  AtmoH2)fuTi'. — The  amount  of  carbon  dioxide  exl 
is  considerably  influencinl  by  the  degree  of  moisture  of  the  atmosphere,  i 
more  being  given  ofT  when  tlie  air  is  moist  than  when  it  is  dry. 

g.  Period  of  the  Day.  —The- respiratory  quotient,  ie.,  the  ratio  betwen 
bon  dioxide  eliminated  and  oxygen  absorbed,  is  greater  during  the  day 
during  the  night.  In  tlie  day,  therefore,  tlie  COs  exhaled,  in  relation  to  t 
absorl>ed,  is  increased  and  diminished  during  the  night.  This  isprobablj 
to  the  increased  proiluction  of  COs  as  a  result  of  increased  tissue  activity  di 
the  day,  and,  ron8e<|uently,  the  breaking  down  or  katabolism  of  moreiohslM 
one  of  whosi^  end-pn)ducte  is  COs.  Furthermore,  all  of  the  OOt  eliminalBd  i 
dependent  for  its  formation  upon  the  oxygen  absorbed,  but  is,  in  part,  tbsn 
of  the  katabolism  of  carbohydrates  in  whicli  carbon  and  oxygen  are  praa 
tlie  pr<)|K>rtion  to  form  COa. 

h.  FiHMl  and  Drink. — ^^y  the  um»  of  f(HHl  the  quantity  is  increased,  « 
by  fasting  it  is  diminished  :  it  in  greater  when  animals  are  fed  on  farimo 
focMl  than  wh(>n  fetl  on  meat.  The  efTiHrts  pnxluced  by  spirituous  drinki 
|)eiid  much  on  tlH>  kind  of  drink  taken.  Pure  alirohol  tends  rather  te  ina 
tliun  to  li^sseu  respirat^iry  changi^s,  anil  the  amount  therefoije  of  carbon  dia 
expirtnl ;  rum,  ale,  and  iM>rter,  also  sherry,  have  very  similar  effects.  Ob 
other  hand,  brandy,  whiskey,  and  gin.  particularly  the  latter,  almost  ah 
lessened  Ww  n^spiratory  changeH.  and  eonsetiuently  the  amount  of  the 
o.vhaled. 

I.  KvcriHsc. — H(Klily  exerriw,  in  iiUKleratiou,  inciX'ases  tlie  quantity  toil 
ii  inon^  than  it  is  (hiring  rest :  and  for  alxmt  an  hour  after  exercise  the  voli 
of  tlie  air  expired  in  the  iiiiuule  is  increastHl  nearly  2,U00c«m..  orllSci 
iiiriu's:  and  the  quantity  of  carlHMi  dioxi<h»  aUmt  125  ccm.,  or  7.8  cubic  in 
|H'r  minute.  Violent  (»x('rcis4'.  such  as  full  IalK>r  on  tlie  tread-wheel,  still 
tluT  increase's  the  amount  of  the*  acid  exhak*tl. 

A  larger  (luantity  is  exhaled  when  thi'  luironieter  is  low  tlian  when 
high. 

'\.  77/t'  (htijiivn  is  (li)ninishv(l.  Pettenkofer  and  Volt  have  fonnd  t 
tlio  mean  cunrinni]»tioii  of  oxygen  <luring  t!4  lioiirs,  by  a  man  weigh 
To  kilori,  is  about  loo  ;;rnis.,  or  4'.K)  litres.  The  <|uantity  of  oxygen 
sorlu'd  incrcaseri  with  niusitiilar  cxercitjo,  and  falls  during  rest.  In  ( 
era]  terms  tln^  cjnantity  ahsorbed  varies  witli  tho  activity  of  the  uietab 
]ir()c'efc's?es. 

4.  The  volume  of  air  is  iliniiHishnI  (allowance  being  made  for  the 
]iansion  in  lieiitin;,'),  the  loss  being  due  to  tlio  fact  that  a  portion  of 
oxygen  absorbed  is  not  returned  in  tlio  form  of  carbon  dioxide.  Si 
the  oxygen  of  a  ^riven  volume  uf  carbon  dioxide  would  have  the  ■ 
volume  as  the  carbon  dioxide  itself  at  «i  given  tempera tnre  and  preasi 
a  portion  of  tho  oxygen  absorbe*!  must  be  used  for  other  purposes  t 
tlie  formation  of  carlion  dioxide.  In  faet,  some  of  it  is  used  in 
formation  of  urea,  some  in  the  forinatiou  of  water,  etc.     The  oxygei 
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earbou  dioxitly  cxlmleil,  <Iiviik<|  by  thu  oxygun  ub«orb«u,  givca  what 
rlmowu  us  tiic  respiratory  quotient ;  thus 

CO,  exhtiled^ 
0,  absorbed 

Ibniially  iu  man  on  a  mixed  diet  tlio  ruapiratorj  rjiioticiit  is 

4.0-4,5       ^  ,  ^  „ 
5 

il  it  is  Bubject  to  variation  tlirongh   BGvoral  caoies;    for  example, 

i>ugh  rariiition  in  diet.     On  a  carbohydrate  *lict  the  reapiiatory  qiici- 

may  rise  abovo  0.1>,  siuce  ciirboliyt]n»tc«  contain  LUioiigh  oxygun  to 

(idize  tha  carbon  in  thc^ir  molGcule.     On  a  diet  containing  much  fat  it 

[»wesi,  sinco oxygen  is  needed  to  completely  oxidize  it.     Ami  the  samo 

e,  but  to  a  less  degree,  in  the  caae  of  proteids,     Muscnlar  exertion 

tbe  respiratory  qnotient,  because  in  its  perfornianco  oarbohydratea 

tised  np* 

5.   The  uHtiert/  rajtor  is  increased, — The  quantity  emitted  is,  as  a 
erul  rule,  suflieient  to  saturate  the  exiiired  air,  ur  very  nearly  so. 
absolute  amount  is,  therefore,  inJlueooed  by  the  following  eircum- 
aci»B,  (1),  by  the  quantity  of  air  re.Hinred;  for  tbe  greater  this  m,  the 
Df  also  will  be  tbe  quantity  of  moisture  exhaled;  (*4),  by  tlie  qnan- 
watery  vapor  contained  in  the  air  previous  to  its  being  inspired; 
Ause  the  greater  this  is^  the  less  will  be  the  amount  to  complete  the 
imtion  of  the  air;  (3),  by  the  temperature  of  the  expired  air;  for 
higher  thie  is,  the  greater  will  bo  the  quantity  of  watery  vapor  re- 
red  to  saturate  the  air;  (4),  by  the  length  of  time  which  oacli  volume 
spired  air  is  allowed  to  remain  in  the  lungs;  lor  idthough,  during 
liiiary  respiration^  tlio  expired  air  is  always  saturated  with  watery 
»r,  yet  when  respiration  is  performed  very  rapidly  the  air  has  scarcely 
IQ  to  be  raised  to  the  highest  temperature,  or  be  fully  charged  with 
^ifittire  ore  it  is  expelled. 
The  quantity  of  water  exhaled  from  the  lung.s  in  twenty-four  hours 
(according  to  the  various  modifying  circumstaiiees  already  men- 
led)  from  about  0  to  27  ounces,  the  ordinary  quantity  being  about  9 
10  oanoes.     Some  of  this  is  probably  formed  by  the  chemical  com- 
>ti  of  oxygen  with  hydrogen  in  the  system ;  but  the  fur  larger 
iion  of  it  is  water  which  has  been  absorbed,  as  i5Uch,  into  the 
from  the  alimentary  canal,  and  which  is  exhaled  from  the  surface 
flir-passages  and  cells,  ns  it  is  from  the  free  surfaces  of  all  moist 
membranes,  particularly  at  the  high  temperature  of  warm-blooded 

'I 
A  small  quantity  of  avimonia  is  added  to  the  ordinary  constitu- 
I  of  expired  air.     it  seems  probable,  liowevar,  both  from  thefaot  tliat 
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this  substance  cannot  be  always  detected,  and  from  its  minute 
when  present,  that  the  whole  of  it  may  be  derived  from  det 
ing  particles  of  food  left  in  the  mouth,  or  from  carious  teeth 
like;  and  that  it  is,  therefore,  only  an  accidental  constituent  of 
air. 

7.   The  quantity  of  organic  matter  in  the  breath  is  increased. 
formerly  supposed  that  this  organic  matter  was  injurious  and  g 
to  the  unpleasant  symptoms  which  come  on  in  badly  ventilated 
But  this  has  been  proved  erroneous. 

Method  of  Eiperiment,  —The  experiments  are  conducted  in  such  a  mai 
comparative  analyses  may  bo  made  between  the  air  inspired  and  that 
Generally  au  animal  is  placed  in  a  chamber,  called  the  respiratory  chambei 
but  two  openings — one  for  the  entrauco  of  the  inspired  air,  the  other  for  tl 
of  expired  air.  Some  form  of  pump  is  used  for  renewing  the  air  in  the  < 
Both  the  inspired  and  expired  air  is  made  to  pass  through  agents  which  wi 
the  contained  carbon  dioxide,  such  as  baryta  water  or  soda  lime,  and  in  torn 
agents  whicli  will  absorb  the  watery  vapor.  When  the  experiment  is  o( 
the  diiTerences  between  the  two  are  determined.  The  difference  in  oxyge 
be  calculated,  and  is  open  to  error.  The  famous  respiratory  chamber  oi 
kofer  is  large  enough  to  perform  such  experiments  on  man,  and  is  of  very  < 
construction. 

How  the  Changes  in  the  Air  are  effected. — The  method  b; 
fresh  air  is  inhaled  and  expelled  from  the  lungs  has  been  ex 
It  remains  to  consider  how  it  is  that  the  blood  absorbs  oxyge 
and  gives  up  Ciirbonic  acid  to,  the  air  of  the  alveoli.  In  the  fir. 
it  must  bo  remembered  that  the  tidal  air  only  amounts  to  aboul 
cubic  inches  (about  500  com.)  at  each  inspinition,  and  that  i\ 
course  insuilicient  to  fill  the  lungs,  but  it  mixes  with  the  statio 
by  diffusion,  and  so  supplies  to  it  new  oxygen.  The  amount  of 
in  expired  air,  which  may  be  taken  as  the  average  compositior 
mixed  air  in  tlio  lungs,  is  about  IG  to  IT  per  cent;  in  the  pul 
alveoli  it  may  be  rather  less  than  tliis.  From  this  air  the  venoi 
has  to  take  up  oxygen  in  the  proportion  of  8  to  12  vols,  per 
blood,  as  the  difference  between  the  amount  of  oxygen  in  arte 
venous  blood  is  no  less.  It  seems  therefore  somewhat  difficult  t< 
stand  how  this  can  be  accomplished  at  the  low  partial  pressure  of 
in  the  pulmonary  air.  But  as  was  pointed  out  in  a  previous ' 
(V.),  the  oxygen  is  not  simply  dissolved  in  the  blood,  but  is  to 
extent  chemically  combined  with  the  haemoglobin  of  the  red  cor 
and  when  a  fluid  contains  a  body  whicli  enters  into  loose  chemic 
bination  in  this  way  with  a  gas,  the  tension  of  the  gas  in  the 
not  directly  proportional  to  the  total  quantity  of  the  gas  take 
the  fluid,  but  to  tlie  excess  above  the  total  quantity  which  the  sc 
dissolved  in  the  fluid  is  cjipable  of  taking  up  (a  known  quantit 
ease  of  haemoglobin^  viz.,  1.59  cm.  for  1  grm.  hsemoglobin). 
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hand,  if  the  Bubstance  be  not  satunited,  i,e.,  if  it  be  not  combiued 
aa  much  of  the  giis  as  it  ia  cupablo  of  tiikiiig  up,  further  combina- 
ieads  to  no  iocreaae  of  its  tension^  However,  there  is  a  point  at 
I  the  bifimoglobin  gives  up  its  oxygen  when  it  is  exposed  to  a 
partial  pressure  of  oxygen,  and  there  is  also  a  point  at  which  it 
er  takes  up  nor  gives  out  oxygen ;  in  the  case  of  arterial  blood  of 
ogj  this  is  found  to  be  when  the  oxygen  tension  of  the  atmosphere 
lal  to  3.y  per  cent  (or  J^D.Q  mm.  of  mercury),  which  is  equivalent 
fing  that  the  oxygen  tension  of  arterial  blood  is  3,0  percent;  venous 
,  in  a  similar  manner,  has  been  found  to  have  an  oxygen  tension  of 
Mr  cent.  At  a  higher  temperature,  t!io  tension  is  raised,  as  there  is 
iter  tendency  at  a  high  temperature  for  the  chemical  compound  to 
rgo  dissociation.  It  is  therefore  easy  to  see  that  the  oxygen  tension 
D  air  of  the  pulmonary  alveoli  is  quite  sufficient,  even  supposing  it 
I  less  than  that  of  the  expired  aii\  to  enable  the  venous  blood  to 
up  oxygen,  and  what  is  more,  it  will  take  it  up  until  the  haemo- 
1  is  very  nearly  saturated  with  the  gas, 

B  regards  the  elimination  of  carbon  dioxide  from  the  blood,  there 
dence  to  show  that  it  is  given  up  by  a  process  of  simple  diffusion, 
nly  condition  necessary  for  the  process  being  that  the  tension  of 
irbonic  acid  of  the  air  in  the  pulmonary  alveoli  should  be  less  than 
rnsion  of  the  carbonic  acid  in  venous  blood.  The  carbonic  acid 
►n  of  the  alveolar  air  probably  does  not  exceed  (in  the  dog)  3  or  4 
mt,  while  that  of  the  venous  blood  is  5.4  per  cent^  or  equal  to  41 
jf  mercury. 


Respiratory  Changes  in  the  Blood. 


I^alwn  of  Blood  in  the  Sespiratortf  Organs, — To  be  exposed  to 
us  alternately  moved  into  and  out  of  the  air-cells  and  minute 
tubes,  the  blood  is  propelled  from  the  right  ventricle  through 
almonary  capillaries  in  steady  streams,  and  slowly  enough  to  per* 
rery  minute  portion  of  it  to  be  for  a  few  seconds  exposed  to  the 
ith  only  the  thin  w^alls  of  the  capillary  vcsacls  and  the  air-cells 
rening.  The  pulmonary  circulation  is  of  the  simplest  kind:  for 
almonary  artery  branches  regularly;  its  successive  branches  run  in 
;bt  lines,  and  do  not  anastomose:  the  capillary  plexus  is  uniformly 
J  orer  the  air-cells  and  intercellular  passages;  and  the  veins  de- 
from  it  proceed  in  a  course  as  simple  and  uniform  as  that  of  the 
es,  their  branches  converging  but  not  anastomosing.  The  veins 
no  valve-s,  or  only  small  imperfect  ones  prolonged  from  their  angles 
action,  and  incapable  of  closing  the  orifice  of  either  of  the  veins 
en  which  they  are  placed.  The  pulmonary  circulation  also  is  un- 
9d  by  changes  of  atmoBpheric  pressure^  and  is  not  exposed  to  the 
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influence  of  the  pressure  of  muscles:  the  force  by  which  it  is  aoon 
plished^  and  the  course  of  the  blood  are  alike  simple.  j 

ChayKjes  in  the  Blood. — The  most  obvious  change  which  the  blood 
the  pulmonary  artery  undergoes  in  its  passage  through  the  lungs  is  U 
that  of  color,  the  dark  crimson  of  venous  blood  being  exchanged  forfl 
bright  scarlet  of  arterial  blood.     The  cause  of  this  has  been  almi 
shown  to  be  that  the  arterial  blood  contains  a  greater  quantity  of 
or  oxylisemoglobin ;  2^/,  and  in  connection  with  the  preceding  chaogs' 
gains  oxygen  ;  3d,  it  loses  carbon  dioxide.     It  was  incidentally  menl 
in  the  Chapter  on  the  Blood  that  the  carbon  dioxide  which  is 
by  the  blood  to  be  eliminated  by  the  lungs  is  not  simply  dissolved 
the  plasma.     It  is  combined  with  some  substance  in  the  blood,  i 
when  it  is  carried  to  the  lungs  this  substance  must  undergo  decompM 
tion.     What  is  the  nature  of  the  compound  it  forms  is  not  known, 
it  appeiirs  most  likely  that  the  gas  is  combined  in  the  plasma  with 
sodium  ciirbonate  which  it  contains.     It  has  also  been  suggested  thit 
the  carbon  dioxide  of  the  entire  blood  is  more  easily  given  up  to 
vacuum  of  a  mercurial  air-pump  than  is  the  gas  of  the  serum  correspM 
ing  to  the  blood  taken,  that  the  corpuscles  of  the  blood  exercise  so 
power  in  promoting  the  decomposition  of  the  substance  with  which  1 
gas  is  combined  in  the  plasma.     The  plasma  or  serum  will  not  giro 
the  whole  of  its  carbon  dioxide  until  the  addition  of  an  acid,  wheat 
last  portion,  "2  to  5  per  cent,  comes  off,  the  entire  blood  gives  up  i 
whole  of  its  airbon  dioxide  to  the  action  of  the  mercurial  puinp,i 
dooa  not  ro<iuire  the  action  of  an  acid.     It  may  be  mentioned  that,i 
cording  to  some,  the  carbon  dioxide  is  combined  with  proteid,  rither 
the  plasma  or  in  the  red  blood-corpuscles;   4///,  it  becomes  sligU 
cooler:  5//(f,  it  ntagulafcs  ,s(H)firr  and  wore  Jirmlg,  apparently  contain!]^ 
more  librin.     The  oxygen  absorbed  into  the  blood  from  the  atmosph( 
air  in  the  lungs  is  combined  chemically  with  the  haemoglobin  of 
red  blood -eorpuseles.     In  this  condition  it  is  carried  in  the  arterial  Ui 
to  the  various  parts  of  the  body,  and  brought  into  near  relation  or 
tact  with  the  tissues.     In  these  tissues,  a  certain  portion  of  the  o: 
which  the  arterial  blood  contains,  disappears,  and  a  proportionate 
tity  of  carbon  dioxide  and  water  is  formed.     The  venous  blood,  con 
ing  the  new-formed  carbon  dioxide,  returns  to  the  lungs,  where  a  poi 
of  the  carbon  dioxide  is  exhaled,  and  a  fresh  supply  of  oxygen  is  taken 

In  what  way  these  changes  are  brought  about  will  be  next  disci 

Respiratory  Changes  in  the  Tissues. 

The  changes  which  occur  in  the  composition  of  the  blood  during^ 
circulation  are  believeil  to  take  })lace  in  the  tissues,  and  particularly! 
the  muscles.     The  changes  are,  :is  we  have  just  mentioned,  chiefly  1 
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of  oxygen  from  imrl  the  :idditioii  of  ctirbon  dioxide  to  tlie  blood. 

chaDges  are  sumt^tinies  spokuTi  of  hh  internal  rL'si^irtitioy.     The 

in  carried  by  the  corimsclos  of  the  blood  in  the  lorai  of  oxybiemo- 

U  given  up  to  tlie  titisiies,  as  the  tension  of  the  gas  within  them 

Bmall.     The  gae  thus  set  free  is  apimrcntly  seized  upon  by  the 

plii^m  of  the  tissues  and  built  up  into  itn  mok'cule,  and  thiiB  asBists 

,e  process  of  anaboliem,  possibly  no i ting  with   some   compound 

bwhat  in  the  same  manner  but  more  firmly  than  it  does  with  ha^nio- 

The  low  oxygen  pressure  ol  the  tissues  tlius  allows  a  constant 

tion  of  the  gas  from  the  blood.     The  process  of  kHtiibolism,  or 

down,  is  always  associated  with  the  evolution  of  carbon  diox- 

that  as  the  blood  passes  through  the  tissues  containing  little  of 

the  high  tension  of  the  gas  in  tlie  tissues  permits  of  its  passage 

tlbi;  blood.     It  has  been  proved  that  the  process  of  the  evolution  of 

n  dioxide  from  living  muscle  will  go  on  for  a  time  in  the  absence 

►apply  of  free  oxygen,  and  so  it  is  clear  that  the  former  gas  is  not 

id  directly  from  the  combustion  of  the  carbon  in  the  presence  of 

r  giis.     It  was  at  one  time  believed  that  tlie  carbon  dioxide  of 

blooil  resulted  from  the  oxithition   of  substances  in  the  blood 

It  has,  however,  been  shown  that  the  blood  itself  hiis  very  slight 

ing  powers,  and  that  in  the  frog  the  whole  of  the  blood  may  be 

ced  by  saline  solution  without  producing  any  marked  eJTect  upon 

aetaholisrn  of  the  body.     It  is  obviously  unlikely  that  any  but  very 

fc  oxidation  could  go  on  in  such  a  mediunu     It  has  moreover  been 

iDBtrated  that  the  tension  of  carbon  dioxide  in  the  tissues  is  con- 

iblj  greater  in  the  tissues  than  it  is  in  the  venous  blood. 

Special  Respiratory  Acts. 

I  will  be  well  here,  perhaps^  to  explain  certain  special  respiratory 
which  apjiear  at  first  sight  somewhat  complicated,  but  cease  to  be 
ien  the  mechanism  by  wdiieh  they  are  |>erformed  is  clearly  under- 
*     The  diagram  (fig.  220)  shows  that  the  cavity  of  the  chest  is  sep- 

from  that  of  the  abdomen  by  the  diaphragm,  which,  when  acting, 
lessen  its  curve,  and  thus  descending,  will  push  downward  and 
^rd  the  abdominal  viscera;  while  the  abdominal  muscles  have  the 
lite  effect,  and  in  acting  will  push  the  viscera  upward  and  back- 

and  with  them  the  diaphragm,  supposing  its  ascent  to  be  not 
any  caufl<j  interfered  with.  It  will  also  be  seen  that  the  lungs 
atiQicate  with  the  exterior  of  the  body  through  the  trachea  and 
J,  and  further  on  through  the  mouth  and  nostrils— through  either 
lem  separately,  or  through  both  at  the  same  time,  according  to  the 
ion  of  the  soft  palate.  The  stomach  communicates  with  the  ex- 
r  of  the  body  through  the  ctssophagus^  pharynx,  and  mouth;  while 


292  HAHDBOOK   OF  PHTSIOLOOT, 

below  the  rectum  opens  at  the  anae,  and  the  bladder  through  the 
thra.  All  these  openings,  through  which  the  hollow  viscera  conmi 
cate  with  the  exterior  of  the  body»  are  guarded  by  muscles,  o 
sphincters^  which  ciin  act  independently  of  each  other. 

Siffkinff.^lu  sighing  there  is  a  somewhat  prolonged  inspiratioa; 
air  almost  noiselessly  pussiug  in  through  the  glottis,  and  by  the  el 
recoil  of  the  lungs  and  chest- walls,  and  probably  also  of  the  abdoo 
walls,  being  suddenly  expelled. 

In  the  first,  or  iuHpiratonj  part  of  this  act,  the  descent  of  the 
phnigm  presses  the  abilominal  viscera  downward,  and  of  course 
presfiiiro  tends  to  evacuate  the  contents  of  such  of  them  as  commun 
with  the  exterior  of  the  body.  Intisnmch,  however,  a^  their  T* 
opentngs  are  guarded  by  sphincters,  in  a  sUitt*  of  constant  tonic  ooD 
tion,  there  is  no  escape  of  their  contents,  and  the  air  simply  enten 
lungs.  In  the  second,  or  vxpiratorif  part  of  the  act,  pressure  is 
made  on  the  abdominal  viscera  in  the  opposite  direction,  by  the  i 
of  the  abdominal  walls;  but  the  pressure  is  relieved  by  the  escapee 
through  the  open  glottis,  and  the  relaxed  diaphragm  is  pushed  up  I 
into  its  ortginal  position.  The  sphincters  of  the  atomach,  rectum. 
bladder,  act  in  the  sjime  manner  as  before. 

Hircnufjh  rt^sembles  sighiug  in  that  it  is  an  inspiratory  act :  bu 
inspiration  is  sudden  instead  of  gradual^  the  diaphragm  acting  sudt 
and  spasmodically;  and  the  air,  rnshing  through  the  unprepared 
glottidis,  is  suddenly  arrested  tiuil  produces  the  peculiar  sound. 

Coughinff.^ln  the  act  of  cougbing  there  is  most  often  first  of 
deep  inspiration,  followed  by  an  expiration;  but  the  latter,  instei 
being  easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed 
glottis  being  momentarily  closed  by  the  approximation  of  tlie 
conls.  The  abdominal  muscles,  then  strongly  acting,  push  uf 
viscera  against  the  diaphragm,  and  thus  make  pressure  on  the  air  ii 
lungs  until  its  tension  is  suMcient  to  noisily  open  the  vocal  cords  l 
oppose  its  ontwanl  passage.  In  this  way  considerable  force  is  exerc 
and  mucus  or  any  other  matter  that  may  need  expulsion  from  thi 
{NMagw  is  quickly  and  sharply  expelled  by  the  outstreaming  cunei 
air.  It  will  bo  evident  on  reference  to  fig,  220^  that  pressure  exen 
by  the  abdominal  muscles  in  the  act  of  coughing,  act«  as  forcibly  oi: 
abdominal  viscera  aa  on  the  lungs,  inasmuch  as  the  viscera  form 
medium  by  which  the  upward  pressure  on  the  diaphragm  is  made, 
thftfft  is  of  necessity  quite  as  great  a  tendency  to  the  expulsion  ad 
contents  as  of  the  air  in  the  lunga.  The  instinctive  and  if  necai 
volunturily  increased  contraction  of  the  sphincters,  however,  pre! 
any  «toApe  at  the  openings  guarded  by  them,  and  the  pressure  ill 
Uvo  at  one  part  only,  at  the  rima  glottidis. 
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nemng, — The  Bame  remarks  that  apply  to  coughiiig,  are  almost 
ly  applicable  to  the  act  of  aoeezing;  but  in  this  iiiatauce  the  blast 
',  on  escaping  from  tha  lungs,  is  directed  by  a  reflex  contractioD  of 
iU&rs  of  the  fauces,  and  descent  of  the  soft  pultite,  chiefly  through 
O0e,  and  any  ofi^ending  uiatter  is  thenctj  expellt^d. 
making, — In  speaking,  there  is  a  voluntary  expulsion  of  air  through 
lottis  bv  means  of  the  c:£ptmtory  muscles.     The  Yocal  cords,  by  the 
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of  the  larynx,  are  put  in  a  proper  position  and  state  of  tension 

bmting  as  the  air  piisses  over  tlicm,  and  sound  is  produced.     The 

18  moulded  into  articulate  speech  by  the  tongue,  teeth,  lips,  etc. 

Tocal  cords  producing  the  sound  only^  and  hiiving  nothing  to  do 

Wticulaiion, 

nging^ — iSinging  resembles  speaking  in  the  manner  of  its  produc- 
the  biryngeal  muscles,  by  variously  altering  the  position  and  de- 
I  tension  of  the  vocal  cords,  producing  the  different  notes.  Words 
in  the  act  of  singing  are  of  course  framed,  as  in  speaking,  by  the 
6^  teeth,  Hps^  etc. 
tiffing. — Sniffing  is  produced  by  a  rapidly  repeated  but  incomplete 
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ftoiion  of  the  ditiphragm  and  cjthor  inspiratory  muBcles.    The  maolk] 
closed,  and  the  whole  stream  of  air  is  made  to  enter  the  air-p 
through  the  nostrik.     The  alae  nasi  are  Qommoaljr  at  the  same 
ri^llexly  dihited. 

SoiMuff. — Sobbing  consists  of  a  series  of  convulsiTe  mspiraiii 
the  momont  of  which  the  glottis  is  usually  more  or  less  closed. 

Langhintj. — Liiughiiig  is  made  up  of  a  series  of  short  and  nipid  ti 
rutious* 

YawHintj,—  Yii^t\\vig  is  an  act  of  inspiration  but  is  unUke  mofill 
the  preceding  actions  as  it  is  always  more  or  less  involuntary.  Itl 
attended  by  a  stretching  of  rarious  muscles  about  the  palate  and) 
jiiw,  which  is  probably  analogous  to  the  stretching  of  the  muscles  off 
limbs  in  which  u  weary  man  finds  relief,  as  a  voluntary  act,  when  \ 
have  been  some  time  out  of  action.  The  involuntary  and  reflex  ch 
tor  of  3^iiwning  probably  de|>ends  on  the  fact  that  the  muscles  cone 
are  themselves  at  all  times  more  or  less  used  involuntarily,  and  ] 
therefore,  something  beyond  the  exercise  of  the  will  to  set  th«a  1 
action.  For  the  same  reason,  yawning,  like  sneezing,  cannot  b« 
I>erformod  voluntarily. 

Sucking.— '^w^kmg  is  not  properly  a  respiratory  act,  but  it  mij| 
most  conveniently  considered  in  this  place.  It  is  oaused  chiefly  by  I 
depressor  muscles  of  the  os  hyoides.  Those,  by  drawing  downward  j 
backward  the  tongue  and  lloor  of  the  moutli,  province  a  partial  va 
in  the  latter:  and  the  weight  of  the  atmosphere  then  acting  on  all  I 
tends  to  produce  equilibrium  on  the  inside  and  outside  of  the  montl 
best  it  may.  The  communication  between  the  mouth  and  phur 
completely  shut  ulT  by  the  contract  ion  of  the  pillars  of  the  soft  ] 
and  descent  of  the  latter  so  ae  to  touch  the  back  of  the  tongue;  audi 
equilibrium,  therefore,  can  be  restored  only  by  the  entnince  of  * 
thing  through  the  mouth.  The  action,  indeed,  of  the  tongue  and 
of  the  mouth  in  sucking  may  he  compared  to  that  of  the  piston] 
syringe,  and  the  muscles  which  pull  down  the  os  hyoides  and  tong 
the  power  which  dmws  the  handle. 


The  Nervous  Apparatus  of  Respiration, 

Like  all  other  functions  of  the  body,  the  discharge  of  which  \%\ 
essary  to  life>  respiration  is  essentially  an  involuntary  act.     Unleas 
were  the  case,  life  would  be  in  constant  danger,  and  would  cease  oul 
loss  of  consciousness  for  a  few  moments,  as  in  sleep.     It  is,  hoi 
also  necessary  that  respiration  should  bo  to  some  extent  under  the  < 
trol  of  the  wilL     For  were  it  not  so,  it  would  be  impossible  to  peri 
those  respiratory  acts  which  have  been  just  discussed,  such  as  %i 
singing,  and  the  like. 


RESPIRATIOK* 
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It  !m?1&€rn  knowii  for  eunturios  that  there  exists  a  rliatrict 

Dent  ml  nervous  sy.stem  on  the  destruction  of  which  hoth  respiration 

mnd  life  cease.     All  attempts  to  h:»«mUze  this  district^  however,  before 

those  of  Floiirens  were  imsuccessfuL     Flourena,  after  many  series  of 

^ilK^rimenta  as  to  the  exact  position  of  what  he  calletl  the  **  knot  of 

(nceuil  vital),  piaccU  it  in  the  fourth  ventricle,  at  the  point  of  the 

the  gray  matter  at  the  lower  end  of  tlic  calamue  scriptorius;  a  dis- 

ijf  considerahle  size,  viz.,  5  mm.,  on  botli  nules  of  tlie  middle  lino. 

rvers  subsequent  to  Flourons  liave  attempted  to  show  that  the  chief  | 

"ii[»irat<»ry  centre  on  the  one  hand  is  situated  higher  uj*  in  the  nervous 

^jitcm,  i'.ff.,  in  the  tloor  of  the  third  ventricle  (Christiahi),  or  in  the 

■a  quadrigeniina  (Martin  and  Booker,  Christiani,  and  Stanier),  or 

i«  other  hand,  lower  dowji  in  tlie  spinal  cord,  and  tliat  the  medullary 

nfrcs,  if  they  exist,  are  either  accessory  or  subservient  to  8uch  centres, 

rii-'  balance  of  experimentul  evidence,  however,  is  to  prove  that  the  sole 

»:  Tirrcs  for  respiration  is  a  limited  district  in  the  medulla  oblongata  in 

!»,,.♦.  connection  with  the  vagus  nucleus  on  each  side,  with  wliich  they 

^  probably  identical.     Tlie  destruction  of  this  district  stops  respira- 

ipn  forever;  whereas,  if  it  be  loft  in  connection  with  the  muscles  of 

kpinition  by  their  nerves,  although  the  remainder  of  the  central  nervous 

■ten  Ijescpanited  from  it,  renpiration  conlinues,     Tt  may  bo  considered 

P^t  certi^in  that  the  medullary  centre  is  the  only  true  respiratory 

Ire,  and  that  the  observations  of  Langeudorflf,  thjit  in  newly-born 

iflials  in  which  the  medulla  has  been  cut  immediately  or  a  few  milli- 

lires  below  the  point  of  the  calamus  scriptorius  respinvtion  continues 

r  Bome  time  as  in  normal  animals  cannot  be  received.     We  are  indebted 

Kjirckwald  for  much  infornuition  on  this  subject,  and  he  has  come  to 

9  conclusion  that  normal  respiration  does  not  occur  after  division  of 

&  bulb  from  the  cord,  and  tlmt  the  so-called  reapiratory  movements 

ticed  by  Langendorif  are  merely  tetanic  contractions  of  the  respira. 

ly  muscles  with  which  often  enough  other  muscles  take  part. 

The  action  of  the  medullary  centre  is  to  send  out  impulses  during 

pimtion,  which  cause  respiratory  movements  of  the  muscles — (a)  of 

\  nostrils,  and  jawa  through  the  facial  and  inferior  division  of  the 

th  nerves;  (f/)  of  the  glottis,  cbieily  through  the  inferior  laryngeal 

nches  of  the  vagi;  (c)  of  the  intercostal  and  other  muscles  which 

oduco  raising  of  the  ribs,  chielly  tlirough  the  intercostal  nerves,  and 

y  of  the  diaphragm  through  the  phrenic  nerves. 

If  any  one  of  these  sets  of  nerves  be  divided,  respiratory  moTeraents 

the  corresponding  part  cease. 

Similarly  it  may  be  supposed  that  the  centre  sends  out  impulses  dur- 
l  expiration  to  certain  other  muscles.  It  has  been  suggested,  however, 
ftt  the  centre  consists  of  two  parts,  or  is  double,  and  that  it  is  made 
of  iin  inspiratory  centre,  which  is  constantly  in  action,  and  of  an  ex- 
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piratory  centre,  which  acts  leas  generally,  inasmnch  as  ordinary  tnmqiril 
expiration  is  seldom  more  than  an  elastic  recoil,  and  not  a  mnsculiriflk 
to  any  marked  degree. 

Assuming  this  view  of  tlie  doable  centres  to  be  correct,  of  their 
mode  of  action  there  is  sonic  diUcrence  of  opinion;  it  is  now  thought 
they  may  act  automatically,  but  normally  are  influenced  by  afferant 
pulses  from  the  periphery,  as  well  as  by  impulses  passing  down 
the  cerebrum.     The  centre  is,  in  other  words,  both  automatic  and 
flex.    It  will  be  simplest  to  discuss  its  reflex  function  first  of  aH 

Action  of  Afferent  Stimuli, — (a)  Action  of  the  ^agL — If  both 
be  divided  in  the  neck,  the  respirations  become  much  slower  and  deqia 
this  may  bo  the  case,  but  to  a  less  marked  degree,  if  one  of  the 
is  divided  instead  of  both.  If  the  central  end  of  the  divided  nenv 
stimulated  with  a  weak  interrupted  current,  the  most  constant  eSM 
that  the  respirations  are  quickened,  and  if  the  stimuli  are  properly 
ulated,  the  normal  rhythm  of  respiration  may  be  resumed.  If  the 
be  repciited  with  suflicient  quickness,  after  a  while  the  breathing 
brought  to  a  stand-still  at  the  height  of  inspiration  by  tetanus  of  t 
diaphragm.  Sometimes,  however,  stimulation  of  the  central  end  oft 
divided  vagi  produces  still  greater  slowing  than  that  which  foDoi 
tlio  division,  so  that  if  it  be  continued,  the  respirations  cease,  withtf 
(liaphnit^ni  in  a  condition  of  complete  relaxation.  Marckwald  ooniidi 
that  tlic  (litTcroncos  in  the  offocts  of  vagus  stimulation  are  due  to 
stimulus  being  applied  to  tlie  norvo  at  different  periods  in  theretpid 
tory  cycle,  and  tl\:it  tlic  iiction  of  the  vagus  may  be  to  call  forth  eithi 
inspinition  or  expiration — tlie  impulses  passing  up  the  vagi  being 
sary  to  tlie  production  of  the  normal  respiratory  rhythm.  The 
of  tlie  vagus  are  used  under  the  following  circumstances,  those  film 
whii'h  tend  to  inhibit  expiration  and  to  stimulate  inspiration  are 
ulated  at  their  distribution  in  the  lung  when  the  lung  is  empty  and 
a  condition  of  ex}>iration,  and  the  fibres  which  tend  to  inhibit  ini 
tion  and  to  promote  expiration  are  stimulated  when  the  lung  is  fully 
panded.  The  atTerent  impulses  are  the  results  of  mere  mechinia 
stimulation,  and  do  not  depend  upon  the  chemical  nature  of  thegiM 
witliin  the  pulmonary  alveoli.  The  vagus  always  acts  upon  the 
as  a  stimulator  of  discharge,  or  exciter  of  katabolism. 

{h\  Action  of  the  superior  laryngeal  nerves.— If  the  superil 
laryns:eal  branch  of  the  vacfus  be  divided,  which  usually  producei 
a]>parent  effect,  and  the  centnd  end  be  stimulated,  the  effect  Ib  t 
constant,  respirations  are  slowed,  but  there  is  a  tendency  toward  el| 
ration,  as  is  shown  by  the  contraction  of  the  abdominal  muscles.  Th 
if  (ho  >as:ns  conti^ins  nitres  which  stimulate  inspiration  and  inhil 
expiration,  as  well  as  other  t;brts  \^liieh  have  tho  reverse  effect,  the  I 
perior  laryns:oal  iibres  inliiMt  i:.si>iration  and  stimulate  expiration. 
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The  superior  laryngeal  nenres  are  true  expiratory  nerves,  and  may 
set  in  action  when  the  mucous  membrane  of  the  krynx  ia  irritated. 
ley  are  not  constantly  in  action  like  the  vagi. 

(c)  Actioo  of  the  glosso-pharyngeal  nerves.— It  has  been  as- 
rUined^  chiefly  by  the  researches  of  Marckwald,  that  while  division  of 
i  glosso-pharyngeal  nerves  produces  no  effect  upon  respiration,  stim- 
ition  of  them  causes  inhibition  of  inspiration  for  a  short  period.  This 
Kon  accounts  for  the  very  necessary  cessation  of  breathing  during 
illowing.  The  effect  of  the  stimulation  is  only  temporary,  and  is 
lowed  by  normal  breathing  movemeuta. 

(d)  Action  of  other  sensory  nerves.— The  respiratory  centres 
las  a  rule  stimulated  to  produce  respiration  by  impressions  conveyed 

sensory  nerves,  f.^.,  the  nerves  of  the  skin;  cold  water  applied  to 
surface  is  almost  invariably  followed  by  a  deep  inspiration*  Stimu- 
Son  of  the  splanchnics  and  of  the  abdominal  branches  of  the  vagi 
jduce  expiration.  The  fifth  nerves,  as  well  as  the  glosso-pharyngeal 
1  the  superior  laryngeal,  inhibit  inspiration,  but  they  tend  to  produce 
^dual  slowing  and  not  an  absolute  inhibition,  as  do  the  glosso- 
iryngeal. 

It  must  be  remembered  that  although  many  sensory  nerves  may  on 
BiulBtion  be  made  to  produce  an  effect  upon  the  respiratory  centres, 
fcre  ia  no  evidence  to  show  that  any  one  of  them,  except  the  vagi,  u 
istantly  in  action.  The  vagi  indeed  are,  as  far  as  we  know,  the  only 
nnal  regulators  of  respiration. 

Automatic  Aitimi  of  the  Re^^piratctry  Centres. — Although  it  has  been 
f  definitely  proved  that  the  respiratory  centres  may  be  affected  by 
irent  stimuli,  and  particularly  by  those  reaching  them  through  the 
;i,  there  is  reason  for  believing  that  the  centres  are  capable  of  sending 
efferent  impulses  to  the  respiratory  muscles  without  the  action  of 
afferent  stimuli.  Thus,  if  the  brain  be  removed  above  the  bulb, 
piration  continues.  If  the  spinal  cord  be  divided  below  the  bulb,  the 
ill  and  laryngeal  respiratory  movements  continue,  although  no  affer- 
i  impulses  can  reach  the  centres  except  through  the  cranial  sensory 
r?ea,  and  these,  as  we  have  seen,  are  not  always  in  action,  and  indeed 
J  be  divided  without  producing  any  effect,  when  the  bulb  and  cord 
intact*  As  has  been  shown,  too,  respiration  continues  when  the  vagi 
divided*  All  of  these  experiments  render  it  highly  probable  that 
irent  impulses  are  not  required  in  order  that  the  respiratory  centres 
luld  send  out  efferent  impulses  of  some  kind  to  the  respiratory  mua- 
these  centres,  then,  are  automatic.  How  they  act  in  the  absence 
afferent  stimuli  has  been  demonstrated  by  Marckwald,  He  has  shown 
a]  firstly,  that  if  the  bulb  be  separated  from  the  brain,  and  the  vagi 
then  cut,  there  is,  first  of  all,  inspiratory  spasm  followed  by  irregular 
of  muscles  both  of  inspiration  and  expiration,  and  death;    (A) 
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aecondlj,  that  if  the  vagi  are  divided,  the  respirations,  although  alt 
in  chariicter,  are  regular,  but  that  if  then  the  hrain  is  fiepaniteil  1 
the  medulla,  the  same  respiratory  spasms  occur*    From  these  eipon 
it  is  conoluded  that  the  automatic  action  of  the  centres  consiittii 
liberation  of  respiratory  sfttts^ttft  only,  and  not  of  regular rhjtfanuci 
ments;  but  that  impressions  reaeliing  the  centres  either  from  the  I 
brum  or  through  the  vagi,  prevent  the  gathering  tension  in  tbe  < 
from  becoming  too  great,  and  convert  the  spasms  which  would 
wise  arise  into  regular  movements.     The  chief  difference  between  1 
action  of  the  vagi  and  of  the  cerebral  tracts,  is  that  the  former  are  ill 
in  action,  whilst  the  latter  are  not.     When  the  vagi  are  in  actioaandl 
higher  centres  are  not,  periodic  respiration  takes  place,  that  is  to  I 
respirations  occurring  in  groups,  each  such  group  being  followed 
pause;  a  type  of  respiration  known  as  Cite yne- Stokes  breaihing^io^ 
we  aliali  return  presently.     It  will  he  thus  seen  that  even  the  or 
action  of  tlie  respiratory  centres  is  to  a  large  extent  reflex,  and  de 
ent  upon  vagus  or  cerebral  stimulation. 

Method  of  Sfftfiuiaiiou  of  the  ReMpirutortf  Cen/rts. — Apart  ihenl 
afferent  impulses,  the  respiratory  centres  are  capable  of  working  J 
matically,  and  this  fact  has  been  explained  by  the  supposition  thitf 
are  stimulated  to  action  by  the  condition  of  the  blood  circulating  tb 
them,  since  when  the  blooil  becomes  more  and  more  venous  the  J 
of  the  centres  becomes  more  and  more  energetic,  and  if  the  air  iifl 
vented  from  entering  the  chest,  the  respiration  in  a  short  timol 
very  labored.     Any  obstruction  to  the  entrance  of  air  indeed,  wh 
partial  or  complete,  is  followed  by  an  abnormal  nipidity  of  the  in 
tory  acts.     The  condition  caused  by  any  interference  with  the 
change  of  gases  in  the  lungs,  or  by  any  circumstsineo  in  conseqae 
which  the  oxygon  of  the  blood  i^  used  up  in  an  abnormally  quick  i 
ner,  is  known  as  dtfspmeft.     If  the  aeration  of  the  blood  is  muchi 
fered  with,  not  only  are  the  ordinary  respiratory  muscles  employedfl 
also  thnse  muscles  of  extraordinary  inspiration  and  expiration 
have  been  previously  enumerated.     Thus  as  the  blood  becomes  mow! 
more  venous,  the  action  of  the  medullary  centres  becomes  more^ 
more  active*     The  f[uestion  has  been  mucli  debated  as  to  what  qu 
of  the  venous  blood  it  is  which  causes  this  increased  activity;  wh 
it  is  its  deficiency  of  oxygen  or  its  excess  of  carbonic  acid.     It  has  I 
answered  to  some  extent  by  the  experiments,  which  show  on  thil 
hand  that  dyspnosa  occurs  when  there  is  no  obstruction  to  theeS 
carbonic  acid  as  when  an  animal  is  placed  in  an  atmosphere  of  nitn 
and  that  it  cannot  therefore  be  due  to  the  accumulation  of 
acid ;  and  on  the  other,  that  if  plenty  of  oxygen  is  supplied,  true  dyi 
does  not  occur,  although  the  carbonic  acid  of  the  blood  is  in  excea 
is  highly  probable,  therefore,  that  the  respiratory  centres  may  best 
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to  action  by  the  absence  of  sufficient  oxygen  in  the  blood  circukt- 
Ig  in  it,  and  not  by  the  presence  of  an  excess  of  curbonic  ucid* 

Bat  this  is  not  all,  since  it  has  been  proved  by  Marckwald  that  the 

wiullary  centres  are  capable  of  acting  for  some  time  in  the  absence 

I  any  circulation,  and  after  excessive  bleeding*     The  view  taken  by 

ia author  with  regard  to  the  action  of  the  centres  is  as  follows:  the 

Ipiratory  centres  are  set  to  act  by  the  condition  of  their  metabolism, 

Dch  in  the  same  way  as  the  heart  is  set  to  beat  rhythm icalh-.     When 

iftboUsra  is  completed,,  kataboHsm  or  lUscharge  occurs,  and  tliis  alter* 

lie  bat  crude  and  spasmodic  action  will  occur  without  a  definite  blood- 

Ippljy  as  long  afi  the  centres  are  properly  nourished  and  stimulated  by 

■fcown  intercellular  fluid.    Tbe  atlerent  impuls^es  brought  !»y  the  vagi, 

Baosequence  of  the  stimulation  of  their  terminal  fibres  in  the  lungs, 

WB  a  tendency  to  bring  about  kataboliam,  and  to  convert  crude  respi- 

lory  spasms  into  regular  and  rhythmic  discharges.     In  the  absence  of 

^  Tagus  stimulation,  tlio  impulses  from  the  cerebrum  may  be  effectual 

r  the  same  purpose. 

It  is  unreasonable  to  think,  however,  that  the  respiratory  centres  are 
lependentof  the  character  of  tlie  blood-supply  either  as  regards  quan- 
f  or  quality.  This  must  have  a  great  influence  upon  their  irritability; 
certain,  for  example,  that  venous  blood  greatly  increase.**  the  roepi- 
Dry  movements,  first  of  all  both  of  inspiration  and  of  expiration,  and 
of  the  latter  to  a  greater  degree.  It  may  be  that  the  iliniiuution 
oxygen  in  the  blood  acts  as  a  stimulator  of  katabolism,  in  both  in- 
rfttory  and  expiratory  centres^  but  particularly  in  the  latter*  in  a 
.ner  similar  to  but  not  identical  with,  that  of  the  vagus*  It  has  also 
I  shown  that  the  presence  of  the  products  of  great  muscular  metabo- 
in  the  blood  will  greatly  increase  the  irritability  of  the  respiratory 
ifcreSy  even  if  the  blood  itself  be  not  particuhirly  venous  in  character. 
It  appears  that  the  inspiratory  and  expiratory  respiratory  centres  are 
lleral,  and  that  each  pair  may  act  independently,  since  the  bulb  may 
divided  longitudinally,  and  then  if  one  vagus  be  divided,  the  respl- 
ory  rhythm  on  the  two  sides  of  the  body  becomes  unequal,  the  move- 
tiLi  of  the  aide  upon  which  the  vagus  is  divided  being  slower  than  on 
other  side,  while  stiinulation  of  the  divided  nerve  acts  only  upon 
movements  of  its  own  side. 

Apnoea.— When  we  take  several  deep  inspirations  in  rapid  succes- 
by  Tolnntary  effort,  we  find  that  we  can  do  without  breathing  for  a 
ch  longer  time  than  usual;  in  other  words,  several  rapid  respirations 
i  to  inhibit  for  a  time  normal  respiratory  movements.  It  was 
ight  that  the  reason  for  this  partial  cessation  of  respinition,  which 
called  apnmt,  is  that  by  taking  several  deep  breaths  we  overcharge 
blood  with  oxygen,  and  that  as  the  respiratory  centre  can  only  be 
iolaled  by  blood  in  which  the  standard  of  oxygen  is  below  a  certain 
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level,  no  reepirstory  impulsea  can  occur  until  the  oxygen 
blood  reach  that  level.  This  idea  must  now  be  modified, 
in  face  of  the  experiments,  e.g,^  those  of  Hering^  on  cats'  blood  dti 
apncBa,  which  have  ehowii  thiit  aniinalg  lu  a  condition  of  apnoM 
have  less  and  not  more  oxygen  in  their  blood  than  in  a  normal  i 
although  the  carbonic  anhydride  is  less.  One  view  now  taken  d 
cause  of  apncea  is  thut  by  rapid  inflations  of  the  lungs  impulses  pM 
by  the  vagi,  by  means  of  which  inspiration  is  after  a  while  Lnhib: 
another  view  is  that  by  the  repeated  stimulation  of  the  centre  by  f 
impulses  which  result  in  rapid  respiratory  movements,  anabolism 
last  arrested.  Apiiom  is  with  difficulty  produced,  if  at  all,  when 
vagi  lire  divided. 

Effects  of  Vitiated  Air,— Ventilation. — As  the  air  expired 
the  lungs  contains  a  large  proportion  of  carbon  dioxide  and  a  mi 
amount  of  organic  putrescible  matter,  it  is  obvious  tlmt  if  the  sam 
be  breathed  again  and  again,  the  proportion  of  carbonic  dioxide 
organic  matter  in  it  will  constantly  increase  till  it  becomes  nnl 
breathe;  long  before  this  point  is  reached  however,  uneasy  sensa 
occur,  such  as  headache,  languor,  and  a  sense  of  oppression.  It  12 
markabte  fact^  however^  that  the  organism  after  a  time  adapts  itse 
a  very  vitiated  atmosphere*  and  that  a  person  soon  comes  to  bre 
without  sensible  ineonvonience,  an  atmosphere  which,  when  he  fin 
ters  it,  feels  intolerable.  Such  an  adaptation^  however  can  only 
place  at  the  expense  of  a  depression  of  all  the  vital  functionfi,  1 
most  be  injurious  if  long  continued  or  often  repeated. 

This  power  of  adaptation  is  well  illustrated  by  the  experimen 
Claude  Hernard.  A  sparrow  is  placed  under  a  bell-glass  of  suchi 
that  it  will  live  for  three  hours.  If  now  at  the  end  of  the  second 
(when  it  could  have  survived  another  hour)  it  be  taken  out  and  %\ 
healthy  sparrow  introduced,  the  latter  will  perish  instantly. 

It  must  be  evident  that  provision  for  a  constant  and  plentiful  SD 
of  fresh  air,  and  the  removal  of  that  which  is  vitiated,  is  of  far  gn 
importiinee  than  the  actual  cubic  space  per  head  of  occupants, 
less  than  2,000  cubic  feet  per  head  should  be  allowed  in  sleeping  a] 
ments  (barracks,  hospitals,  etc.),  and  Tvith  tliis  allowance  the  air  can 
be  maintained  at  the  proper  standard  of  purity  by  such  a  system  of 
tilation  as  provides  for  the  supply  of  1,500  to  2,000  cubic  feet  of  1 
air  per  head  per  hour.     (Parkes.) 


The  Effect  of  Respiration  on  the  Circulation. 

As  the  heart,  the  aorta,  and  pulmonary  vessels  are  situated  in 
air-tight  thorax,  they  are  exposed  to  a  certain  alteration  of  prea 
when  the  capacity  of  the  latter  is  increased  in  inspiration;  for  iUtb( 
the  expansion  of  the  lungs  tends  to  counter- balance  this  increase  of  I 
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er  does  so  entirely,  Bince  part  of  the  presfiure  of  the  air  which  ia 
I  into  the  kings  tlirough  the  tmcheii  is  expended  in  overcoming 
elasticity.  The  amount  thus  used  up  increaseb  aa  the  hinge 
ie  more  and  more  expanded,  so  that  the  pressure  inside  the  thorax 
g  inspirationj  U8  far  as  the  heart  and  great  vessels  are  concerned, 
quite  equals  that  outside,  and  at  the  conclusion  of  inspiration  ia 
lerably  less  than  the  atmospheric  pressure.  It  has  heen  ascertained 
he  amount  of  the  pressure  used  up  in  the  way  above  described, 
I  from  5  or  7  mm,  of  mercury  during  the  piiuse,  to  30  mm*  of 
(ry  when  the  lungs  are  expanded  at  the  end  of  a  deep  inspiration^ 
kt  it  will  be  understood  that  the  pressure  to  whicli  the  heart  and 
vessels  are  subjected  diminishes  as  inspiration  progresses,  and  at 


i  of  au  apparaiuB  Ulufitr&tm);:  the  erieci  nr  lui^iiiratlon  upon  the  heart  mud 
the  thorax.  1.  the  Uitirax  at  n^x  ;  u,  duriii|i<  irispi ration  ;  u,  repreaetits  the 
1  rel&xe*d ;  d',  when  eoiitra4:i4:>cl  (It  iim^t  fie  t-emtmihereiJ  thut  thk  poaitioa  Ig  a  mere 
Le.,  wh^n  iJie  ciipftt^Uyof  the  Lhura"  ja  enla_gi^l  ;  ii.  the  heart;  v,  the  veins  entMing It, 
Imp  aorta:  vU,  l/,  th*<  rik'ht  and  left  hui^  ;  r,  Lh  traehi^a:  w,  mercurial  [uanometier  tn  oon- 
^th  pleura.  The  it3erea>4e  la  ihe  cttpacity  of  the  U^»x  represent  in  j;  tlin  Ibonuc  1b  leeti  to 
mhtsdrt  as  wiUi  hm  tlieluofs,  mul  eo  in  pump  lu  hIcKKl  tlirough  v.  wh^fT^tui  the  taItc  prrrveDts 
irougli  A.    The  poaitioa  m  the  mercury  in  m  ^howa  also  the  siicUon  u  hlch  Ik  tmkittg  piftoe. 


nkaum  is  lesa  by  30  mm.,  than  the  normal  pressure,  760  mm,  of 
kiy.  It  will  be  understood  from  the  accompanying  diagram  how, 
f  there  were  no  lungs  in  the  chest,  if  its  capacity  were  increased^ 
tect  of  the  increase  would  be  expended  in  pumping  blood  into  the 
from  the  veins.  With  the  lungs  placed  as  they  are,  during  in- 
ion  the  pressure  outside  the  heart  and  greitt  vessels  is  diminished, 
ley  have  therefore  a  tendency  to  expand  and  to  dirainiBh  the  intra- 
BT  pressure.  The  dimipution  of  pressure  within  the  veins  passing 
i  right  auricle  and  within  the  right  auricle,  itself,  will  draw  the 
into  the  thorax,  and  so  assist  the  circulation.  This  suction  action 
ipendent  of  the  suction  power  of  the  diastole  of  the  auricle  about 
we  have  preTionsly  spoken.     The  efiect  of  mucking  more  blood 


302 


HANDBOOK   OF    PHYBIOLOOT, 


into  the  rigbt  nurirk  will,  cfrteris  paribu^^  increase  the  amount  pM 
througli  the  right  vt-^iitrii-le,  which  also  exertg  a  similar  guction  zm^ 
and  thruugh  tho  lungs  into  the  left  auricle  and  ventricle,  and  thns  i 
the  aurtih  This  all  tends  tu  increase  the  blood -preesure.  The  effecl 
the  diniiniehed  pressure  upon  the  pulnionary  veesek  will  also  1 
towan!  Llie  earne  end,  Le.f  tin  increased  Uuw  through  the  Itings,  §o  i 
M  far  as  the  heart  and  its  veins  are  concerned,  inspiration  increafiei 
blood -pressure  in  the  arteries.  Thu  effect  of  inspimtion  upon  the  u 
and  its  hraouhus  within  the  thurax  would  W»  however,  contrary;  fa 
the  pressure  outside  is  diminished  the  vessels  would  tend  to  exi«ind, 
thus  to  diminish  the  tension  of  the  blood  within  them^  but  inasmtid 
the  hirge  arteries  are  capable  of  little  expansion  beyond  their  nati 
calibre,  the  diminution  of  the  arterial   tension  caused  by  this  mc 


Ffjs-  iS:;.— Ctiuiparison  of  h]:ood'prv«suir&  curvt-  vvilh  curve  of  Inlm  tliomcic  pnaBWire.  (Totw 
fnnu  liH-ft  lo  rlKkt  )    II  is  tbo  curvt^of  hUMHi-{>i*««Murf  with  its  rt>sptrLit .  vr\'  nrniTiIriti'm&,  thr  *1* 
bt*iiUi  tun  the  rJcKi-wit  iMMut^  vi*ry  m«rk<L'<'Il;  i»tHlhyi  eurveof   Untrji-lh' 
Dec! itj^'  tnw  Itnifi  nf  u  iniuitumHiT  wilti  tlie  plural  cjivity.     liispirnT*' 
V.    The  ijiirii  tijoriic'k' pn/j^siuri^  ri4h*M  very  rApiilly  oHi^r  tiic' ^  > 

llti:^ti  slowly  faUai  as  tlie  Air  imitt?B  from  Ibe  cbeHC;  at  Llie  begjaniag  ^f  (!«<'  luspimiory  ctTort  UK 
Iwcomee  more  ntpttf.    (M.  Fouler.) 

would  be  insufficient  to  counteract  the  increase  of  blood-presexire  ] 
duced  by  the  effect  of  inspiration  upon  the  veins  of  the  chest,  and 
balance  of  the  whole  action  would  he  in  favor  of  an  increase  of  bk 
pressure  during  the  inspimtory  period.  But  if  a  blood-pre&sare  tnc 
be  taken  at  the  same  time  that  the  respiratory  movements  are  be 
recorded,  it  will  be  found  that,  although  speaking  generally,  the  arte 
tension  is  increased  during  inspiration,  the  maximum  of  arterial  teni 
does  not  correspond  with  the  acme  of  inspiration  (fig,  22^),  In  fact 
the  beginning  of  inspiration  the  pressure  continues  to  fall,  then  gmdw 
rises  until  the  end  of  inspiration,  and  continues  to  do  bo  for  some  ti 
after  expiration  has  commenced. 

As  regards  the  effect  of  expiration^  the  capacity  of  the  chest 
diminished,  and  the  intra-thoracie  pressure  returns  tn  the  normaljWb 
ia  not  exactly  equal  to  the  atmospheric  pressure.     The  effect  of 
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reins  is  to  increase  their  extra-viiseiiliir  iuid  so  their  intni-vaecular 
rure,  and  to  diminish  the  ilow  of  hlood  into  t!ie  left  side  of  the 
L,  and  with  it  the  general  bloud-prcssnn',  but  this  is  ulniofit  exactly 
aceil  by  the  necessury  increuso  of  iirterial  tension  eiLused  by  the 
^ase  of  the  exti*U'VaBcalur  pressure  of  the  aorta  uiid  hirge  arteries,  so 
tUe  arterial  tension  ia  not  much  atleeted  during  expiration  either 
,  Thus,  ordinary  expiration  dues  not  prodiiee  a  diistinet  obstruction 
le  circulation,  as  oven  when  the  expinitiun  is  at  an  end  the  intra- 
icie  pressure  is  less  than  the  extnv-tlioraeic. 

*he  effect  of  violent  expiratory  elTurts,  however,  has  a  distinet  action 
Hrtnictiug  the  current  of  blood  through  the  lungs,  as  seen  in  the 
Kess  of  the  face  from  congestion  in  straining,  this  condition  being 
aced  by  pressure  on  the  snuill  pulmonary  vessels. 
fe  may  summarize  this  mechanicul  effect  of  respiration  on  the  blood- 

R therefore,  and  say  that  inspiration  aids  the  circulaUon  and  so 
the  arterial  tension,  and  that  alihough  expinitioii  does  not 
y  aid  the  circulation,  yet  under  ordinary  conditions  neither  does 
Itruct  it.  Under  extniorditntry  conditions,  however,  as  in  violent 
(aliun:,  the  circulation  is  decidedly  obstructed. 

f ^hiivegeen,  however,  that  there  is  no  exact  correspondence  between 
^liot  of  highest  blood-pressure  and  the  en<l  of  inspiration,  and  we 
I  suppose  that  there  are  other  mechainciU  fat*tors,  such,  for  example, 

f  effect  of  the  abdumirud  movements,  botli  in  inspiration  and  in 
tion,  upon  the  arteries  and  veins  within  the  abdomen  and  ol  the 
estrcniities^  and  the  influence  of  the  varying  ijitrathoracic  prea- 
Upon  the  pulmonary  vesseln,  both  of  wliiub  ought  to  be  taken  into 
loration.  As  regai'ds  the  first  yf  tliese,  the  eireet  during  inspira- 
-os  the  cavity  of  the  abdomen  is  diminished  by  tho  descent  of  the 
iragm — slionld  !ie  two-fold:  on  tlie  one  liand,  blood  would  be  sent 
into  the  chest  by  com])ression  of  the  vena  cava  inferior  j  on  the 
d,  the  passage  of  blood  downward  from  the  chest  in  the 
luil  aorta,  and  upward  in  the  veins  of  llie  lower  extremity,  would 
certain  extent  obstructed.  In  ordinary  expiration  all  this  would 
^itrsedj  but  if  the  abdominal  muscles  are  violently  contracted,  as  in 
ary  expiration,  the  same  effect  w^ould  be  produced  as  by  in- 
The  effect  of  the  varying  intrathoracic  pressure,  which  occurs 
inspiration  upon  the  pulmonary  vesscis  is  to  produce  an  initial 
ion  of  both  artery  and  veins,  and  this  delays  for  a  short  time  the 
of  blood  toward  the  left  side  of  tho  heart,  and  t}ie  arterial 
falis^  but  the  fall  of  blood-]n'eseuro  is  soon  followed  Ijy  a  steady 
--  *  he  flow  is  increased  by  the  initial  dilatation  of  the  vessels: 
is  the  case  with  expiration.  As,  however,  the  pulmonary 
mrv  more  easily  dilnt:ib!e  than  the  pulmonary  artery,  their  greater 
bility  increases  the  flow  of  blood  aa  inspiration  proceeds^  while 


I 


1 


n 


304 


HANDBOOK  OP  PHTSIOLOOY. 


during  expimtian^  except  at  ita  beginnings  this  property  of  theirs  & 
the  oppoaite  direction^  and  diminisheg  the  flow.    Thus^  at  the  b^ 

of  inspiration  the  dimintition  of  blood -proesurey  which  commenced  di 
expiration  J  is  coDtionedj  but  after  a  time  the  diminution  is  succeeds 
a  steady  rite;  the  reTerse  is  the  case  with  expiration — at  first  a  rii 
then  a  fall. 

The  effect  of  the  nervous  system  in  producing  rhythmical  si 
tioQs  quite  Independent  of  the  mechanically  caused  undulations  oi 


I  It  .'  ,,  •    ♦*  N 


Fljc-  Ml— Ttraubf^nt^rinf;'^  cuFTfift.    (To  be  n»d  fmtn  left  to  rij^ht.  >    The  corv«t  1.  ».t>j 
nrr  mrtloas  nlBal«d  rmiu  ooe  cotiti&uotis  trsdtii;  farmlxkg  the  record  of  &  prolooj^  ^^"7 
wo  tniit  thm  tcirenUi  cumw  reprcBcnt  ■imriwtiF'gaUupwof  f ' 
iro|i«r  potlUoo  ralAtiv«  to  tbe  tiaae  Uim,  which  Is  c 
lo  9,  C  Aod  4,  but  fAlls  a^ttii]  In  stage  IL    Curve  1 
n  wjw  bels/t  lt«pt  ij|>>  Nit  th^  vaufi  hAvlii|iP  Imm^h  dl 

rhile  tli«  hittt^MAte  beeame  cloww. 


friitti  i 


fiiit  t.h« ■emanfcl  cumw  pen>reBent  giifircwtif>gtiwp»ctf  tbo «un^  expertntcnt  £*3iean«ii 

tfckm  ralAtiTO  to  the  base  tiiM,  which  '        -      -    -     •> •— *- 

Dd  4,  but  falls  aKaiu  In  stage  ft 
|;«iniU(in  wjw  iieliitf  lt«pt  ij|>>  Nit  thi^  vaufi  liAvt 
■cent  of  the  undiiUUotu  do  n^H  dlJTor;  i^'heo  artincial  rt>spIratio(i 


IsofDleted;  the  blood-i. -, 

Curve  1 1s  taken  trom  a  period  wfaeo  aitncii 
oa  tlie  aMSDia 


aaat  %  n«w  undulaliorw  aiuft'^kriM  ;  a  HtUe  later,  the  blood 


mill  9kmt^.  lull  the  unduljidons  hUW  tiinre  obvioiis  (S);  stJfl  later  C€)i  tlie  wiiirn  was  attti 
hut  tbe  heart-twats  wt^re  quk^lcer,  and  tbe  uadulatlona  flabt«r,  the  premm  uieii  becan  toteM 
(5),  and  ooptAnued  to  fatl  un  Jl  aome  time  after  artiflcial  regplratioti  was  rwmiiied.    CM.  1MB 

blood-pressure  is  two-fold*  In  the  first  place  the  cardio-inhibiioryti 
is  stimulated  during  the  fall  of  blood -pressure,  and  produces  i  A 
rate  of  heart-beat^  which  will  be  noticed  in  the  tracing  (fig,  223). 
undulations  during  the  decline  of  blood-presgnre  are  therefore  Ic 
but  less  frtH^uout  This  effect  disappears  when,  b;  section  of  the 
the  affect  of  the  centre  ia  cut  off  from  the  heart  In  the  second  | 
the  ivMOHMolor  aiUn  aends  out  rhjthmieal  impulses,  by  which  to^ 
iioiu  oi  blood*preaiir»  are  piodnoed,  quite  independent  of  the  sgj 
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unduktions.     The  action  of  this  centre  in  producing  such 
kfi  is  thus  tiemonstmted.     In  ao  uninud  under  thu  iuiluence 
record  of  whose  blood-pressure  is  being  taken,  and   where 
lespirution  has  been  stopped,  and  both  vagi  eut,  the  blood- 

rve  rises  at  first  almost  in  u  struight  line,  but  after  a  time 
undulations    occur    (called    ^'ratiffe'a  or    Truufje-ihrinffs 
lere  may  be  upward  of  ten  of  the  respiratory  undulations  in 

i-Uering  curve.     They  continue  as  long  as  the  blood-pressure 
to  rise,  and  only  cease  when  the  vaso-motor  centre  and  the 

hausted,  when  the  pressure  fails.     The  undulations  cannot 
K>n  anything  but  tlie  vasu-motor  eentrCj  as  the  mechanical 
respiration  have  been  eliminated  by  the  curari  and  by  the 
artifeial  respiration,  and  the  effect  of  the  eardio-inhibitory 

been  removed,  by  the  division  of  the  vagi.     The  rhythmie 
id-pressure  is  most  likely  due  to  a  rhytlnnic  constriction  of 

es  followed  by  a  rhythmic  fall  of  pressure  and   relaxation, 

flue  to  the  action  of  the  vaso-motor  centre.     The  vaso-motor 

efore,  as  well  as  the  cardio- inhibitory,  is  capable  of  produc- 

ical  undulations  of  blood-pressure* 

tSlokex^  hrmihing  is  a  rhythmical  irregularity  in  respirations 
been  observed  in  various  diseases,  and  is  especially  connected 
degeneration  of  the  heart,  Kesjiiraiions  occur  in  groups^  at 
ing  of  each  group  the  inspirations  are  very  shallow,  but  each 
breath  is  deeper  than  the  preceding,  until  a  climax  is  reached, 
the  inspirations  become  less  and  less  deep,  until  they  cease 

lor  a  time,  after  w^hich  the  cycle  is  repeated.     This  phenome- 
to  be  due  to  the  want  of  action  of  some  of  the  usual  cerebral 
irbich  pass  down  to  and  regulate  the  discharges  of  the  respira- 

[©r  IB  the  exact  quality  of  the  venous  blood  which  excites  the 
centre  to  produce  normal  respirations,  there  can  be  iio  doubt 
blood  becomes  more  and  more  venous  from  obstruction  to 
B  of  air  into  the  luog,  or  from  the  blood  not  taking  up  from 
goal  supply  of  oxygen,  the  respiratory  centre  becomes  more 

excitiible,  and  a  condition  ensues,  which  passes  rapidly  from 
(excessive  breathing)   to   the  state  of  Dijspmea   (difficult 
and  afterw*ard  to  Asphyxia  ;  and  the  latter,  unless  relieved, 

is  in  death. 

jTS  bj  which  this  condition  of  asphyxia  may  be  produced  are 

oms: — As,  for  example,  by  the  prevention  of  the  due  entry 

ito  the  blood,  either  by  direct  obstruction  of  the  trachea  or 

of  the  respiratory  passages,  or  by  introducing  instead  of 

a  gas  devoid  of  oxygen,  or,  by  interference  with  the  due  in- 

if  gases  between  the  air  and  llu^  blood, 
ptomA  of  asphyxia  may  be  divided  into  three  groups,  which 
20 
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correspond  with  the  stages  of  the  oondition  which  arc  usDaUyi 
nizedi  these  are  (1),  the  stiige  of  exaggeratisd  breathing;  (2),  the  i 
of  eaiivulsions;  (3)^  the  stJige  of  exhaustion. 

In  the   first  ^far/c  the  breathing  becomes  more  rapid  and  aitbei 
time  more  deep  tliuu  usual,  tlic  inspirutions  at  first  being  «ip6eiaBjJ 
aggemted  and  iiruluiiged.     The  muscles  of  extraordinary  iuspirationi 
called  into  action,  and  tlie  eftort  to  respire  is  labored  and  painful 
18  soon  followed  by  u  similar  increaee  in  the  eipiratory  efforU,  wk 
become  excessively  prolonged,  being  aided  by  all  the  mnscles  of 
ordinary  expiration*     During  this  stage,  which  lusts  a  varying 
from  a  minute  upward,  according  as  the  deprivation  of  oxygen  is  sa 
or  gradual,  t!ie  lips  become  blue,  the  eyes  are  prominent,  and  the  i 
pression  intensely  anxious.     The  prolonged  respirations  arc  accomjm 
by  a  distinctly  audible  sound;  the  muscles  attached  to  the  chest  i 
out  as  distinct  cords.     This  stage  iuclndes  the  two  conditions  hypr 
and  dysjuiLva  already  t^poken  of.     It  is  due  to  the  incre-asingly  poi 
stiuudatiun  of  the  respiratory  centres  by  the  increasingly  venous  1 

In  tlie  seroitd  s/(ttft\  whirh  is  not  marked  out  by  any  distinct] 
dcmarcatiun  from  the  first,  the  vidlfut  expiratory  efforts  become 
vulsive,  and  then  give  way,  in  men  and  other  warm-blooded  anil] 
any  rate,  to  general  convulsions,  which  arise  from  the  further  stimti 
tion  of  the  centres.     The  spasms  of  the  muscles  of  the  body  in  gen 
occurt  and  not  of  the  respiratory  muscles  only.     The  ooavukive  i 
18  a  short  one,  and  hists  less  than  a  minute. 

The  third  ^taf/e  or  stnge  of  exltaustion.  In  it,  the  respirations  aSl 
cease,  the  spits ms  give  way  to  tlaccijlity  of  tlic  muscles,  there  is  in 
bility:  the  conjunctiva?  are  insensitive  and  the  pupils  are  widely  i 
Every  now  and  then  a  prolonged  sighing  inspiration  Uikes  pL 
longer  and  longer  intervals  until  they  cease  altogether,  and  death  i 
sues.  During  this  stage  the  pulse  is  sc^ircely  to  be  felt,  but  the 
may  beat  for  some  seconds  after  respirations  have  quite  ceased. 
comliiion  is  due  to  the  gradual  paralysis  of  the  respiratory  oeutril 
the  prolonged  action  of  the  increasingly  venous  blood. 

As  with  the  first  stivge,  the  duration  of  the  second  and  third  i 
depends  whether  the  nmnner  of  tlie  deprivation  of  oxygen  is  sadda 
gradual.  The  convulsive  stage  is  short,  lasting,  it  may  be,  only  ( 
minute.     The  third  stage  may  last  three  minutes  and  upward. 

The  eoHdiiions  of  the  vascular  stfstem  in  asphyxia  are: — (1)  Mfl 
Io08  interference  with  the  j^assage  of  the  blood  through  the  s^^stemie^ 
the  pulmonary  blooJ-vesaels;  (5)  Accumulation  of  blood  in  the  righi 
of  the  heart  and  in  the  systemic  veins;  (3)  Circulation  of  impure fJ 
utiraled)  blood  in  all  parts  of  the  body. 

After  death  from  asphyxia  it  is  found  lu  the  great  majority  of 
that  iho  right  side  of  the  begirt,  the  pulmonary  arteries,  mid  thesys 
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rged  with  dark,  almost  black  blood,  and  the  left  side  of  the 

lulmonury  veins,  and  the  arteries  tire  empty.     The  ex  plana* 

appeaniiicea  maybe  thus  summanzed:  when  respiration 

enoug  blood  at  first  passes  freely  through  the  lungs  to  the 

ud  80  to  the  great  arteries.     When  it  reaehea  the  arterioles 

direct  action  upon  their  muscular  tissue*  or  more  probably 

e  medium  of  the  vaso-niotor  centres,  the  arteriolea  contract, 

ly  those  of  the  splanchnic  area^  the  blood-pressure  rises  and 

|te  of  the  heart  becomes  distended.     This  hitter  effect  may  be 

tra  action  of  the  right  heart,  but  is   more  probably  due  to 

^d  peripheral  resistance,  and  its  shjwer  beat.     Although  tlie 

Ire  contracted  J  a  little  blood  is  allowed  to  jniss  through  them, 

illy  venous  blood,  favored  by  tlie  labored  respiratory  move- 

Tes  at  the  right  side  of  the  heart.     When  it  reaches  the  pul- 

leriolcs  it  gives  rise  to  the  same  contraction  in  them  as  it  did 

;emic  vessels.     This  obstruction  to  the  cijculatiou  tlirough 

iii8€8  a  distended  condition  of  the  right  heart  and  the  piil- 

ery,  and  on  tiie  other  hand,  produces  a  greatly  diminished 

through  the  pulmunary  vuius  aud  to  the  left  side  of  the  hciirt, 

!ter  a  time  in  practical  emptiness.     So  that  in  the  third  stage 

it  is  stated  by  some  observers  that  the  left  heart  gets  into 

n  in  which  it  is  found  after  death.     Others  think  that  the 

lition  of  the  loft  heart  is  a  post-mortem  phenomenon.     In 

d  second  stages  of  the  condition  the  blooil-pressure  continu- 

ntil  it  reaches  a  point  far  above  the  normal.     The  veins  are 

irged,  so  that  when   pricked  they  may  eject  the  blood  for 

cc.     Both  sides  of  the  heart  and  the  pulmonary  vessels  are 

ith  blood,  at  any  rate  during  the  greater  portion  of  these 

at  the  third  stage  blood-pressure  falls  rapidly. 

^  dealh,^-The  causes  of  these  conditions  and  the  manner  in 

act^  80  as  to  be  incompatible  with  life^  may  be  here  briefly 

obstruction  to  the  passage  of  blood  tlirough  the  lungs  occurs 
he  later  stages  of  asphyxia,  the  obstruction  being  chiefly  in 
!eB»  which  contract  under  the  influence  of  the  vaso-motor 
K)ssibly  of  a  special  part  of  it,  which  governs  the  action  of 
mry  blood-vessels. 

mnlation  of  blood,  with  consef^oent  distention  of  the  right 
fceart  and  of  the  systemic  veins,  is  the  direct  result,  at  least 
the  obstruction  to  the  pulmonary  circulation  just  referred  to. 
however,  are  in  operation,  (a)  The  vaso-motor  centres 
by  blood  deficient  in  oxygen,  cause  contraction  of  all  the 
with  increase  of  arterial  tension,  and  as  an  immediato 
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consequence  the  filling  of  the  Bjstemic  Teina.    (b)  The  increaaed  ute 
tension  is  foOowed  by  inhibition  of  the  action  of  the  heArt,a&d 
heart,  contracting  less  frequently,  and  also  gradually  enfeebled  bj 
cient  supply  of  oxygen,  becomes  over^distended  with  blood  wluch 
cannot  expel    At  this  stage  the  left  m  well  as  the  right  caritiei 
over-distended* 

The  ill  effects  of  these  conditions  are  to  be  looked  for  partly  in 
h^rt»  the  muscular  libres  of  which,  like  those  of  the  urinary  bladder 
any  other  hollow  muscular  organ,  may  be  paralyzed  by  over-stretcha 
and  pHftty  in  the  venous  congestion,  and  consequent  interference! 
the  function  of  the  higher  nerTe^centres,  especiall;  the  medolli 
longata. 

(3)  The  passage  of  non-at-rated  blood  through  the  lungs  and  its 
tribution  over  the  body  arc  events  incomjmtible  with  life  in  one  of 
highur  aniumla  for  nioro  thaii  u  few  minutes;  the  rapidity  with 
deutk  L'liHues  iu  aBpliyxia  hvhig  due^  more  particularly,  to  the  e3 
nou -oxygen iztsd    blood   on   the   medulhi    oblongata,   and,    througll 
corouury  arterius,  on  the  mueeular  substance  of  the  heart.     The 
bility  of  both  nervous  and   muscular  tissue  is  dependent  on  aconMl 
and  large  supjily  of  oxygen,  and,  when  this  is  interfered  with, 
bility  is  rapidly  lost. 

Effech  of  hreathing  gases  other  than  the  atmosphere. — The  dimil 
tiou  of  oxygen  has  a  more  direct  influence  in  the  production  of  the 
symptoms  of  asphyxia  than  the  increased  amount  of   carbon  dii 
Indeed^  the  fatal  eflfect  of  a  gradual  accumnktion  of  carbon  dioi 
in  the  bloody  when  a  due  supply  of  oiygen  is  maintained,  resenl 
mtlier  the  action  of  a  narcotic  poison  than  it  does  asphyxia. 

Then  again  we  must  carefully  distinguish  the  asphjiLiating  effect 
an  insutllcient  supply  of  oxygen  froui  the  directly  poifionous  action 
such  gases  ad  carbonic  oxide^  which  is  contained  to  a  considei 
amount  in  common  coal-ga&  The  fatal  effects  often  produced  by 
gas  {lis  in  accidents  from  burning  charcoal  stoves  in  small,  close 
are  tlue  to  its  entering  into  combination  with  the  haemoglobin  of 
bk>od-corpu8oleaand  thus  preventing  its  combination  with  oxygen, 
partial  pressure  of  oxygen  in  the  atmosphere  may  be  considerably 
orviaed  without  much  effect  Hydrogen  may  take  the  place  of  oil 
gen  if  the  oxygen  is  in  the  usual  proportion  with  no  marked  ill  eb 
Sulphuretted  hydrogen  destroys  the  haemoglobin  of  blood.  Nitrd 
oxide  acts  directly  ou  the  nervous  system  as  &  narcotic,  and  may 
form  a  stable  compound  with  hsBmoglobin.  Certain  gaaes,  such  as( 
bon  dioxide  in  more  than  a  certain  proportion;  sulphurous 
other  acid  gases^  ammonia^  and  chlorine  produce  spasmodic  clc 
of  the  glottis,  and  are  irrespirable. 

Aa  ooadilioua  oauaiag  aiphyxia  in  addition  to  the  obatruotion  to 
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or  elB€where^  and  the  prevention  of  the  meetiDg  of  the  blood 
,  the  air  in  the  long  tissue  by  the  blocking  of  one  or  moro  branches 
[the  pulmonary  artery,  may  be  mentionod  the  following: 
Alteration  in  the  atmospheric  pressure, — The   normal  condition  of 
fitUing  ia  that  the  oxygen  of  the  air  breathed  flhonld  be  at  tJie  pres- 
» of  I  of  the  atmosphere,  vise.,  |  of  760  mm.  of  mercury,  or  152  mm., 
iitis  found  that  life  maybe  carried  on  by  gradual  diminution  of 
oyigen  pressure  to  considerably  leas  than  one  half  of  this,  viz,,  to 
am.,  or  ^  partial  pressure,  which  ia  reached  at  an  altitude  above 
feet.*     Any  pressure  less  than  this  may  begin  to  produce  altera* 
I  in  the  relations  of  the  gases  in  the  blood,  and  if  an  animal  is  sab- 
fiuddenly  to  a  marked  decrease  of  barometric  pressure,  and  so  of 
^gen  pressure  (below  T  per  cent),  it  ie  thrown  into  convulsions,  and  it 
Dund  that  the  gases  are  set  free  in  the  blood-vessels,  no  doubt  ciirbon 
tide  and  oyxgen  as  well  as  nitrogen,  althougli  the  latter  is  the  only 
<  of  the  three  gasea  the  presence  of  which  in  the  vessels  in  death 
.  this  condition  of  affairs  has  been  proved;  the  others  are  said  to 
absorbed.     Other  derangements  may  precede  this,  e,ff.,  bleed lUg 
i  the  nose,  dyspncea,  and  vascular  derangement.     On  the  other  hand, 
loygxen  may  be  gradually  increased  to  a  considerable  extent  without 
tked  effect,  even  to  the  extent  of  8  or  10  atmospheres,  but  when  the 
en  pressnre  is  increased  up  to  30  atmoaplieres  the  animals  experi- 
ited  upon  by  Paul  Bert  died  with  severe  tetanic  convulsions.     The 
ation  of  pressure  above  or  below  a  certain  average  affects  primarily 
[gaaeous  interchange  in  the  lungs,  and  then  that  in  the  tissues  gene- 
f,  but  signs  of  dyspncea  may  be  produced  as  well  either  by  cutting 
supply  of  Mood  to  the  meduMarif  centres^  or  by  warminQ  the  blood 
carotid  arteries  which  fiupply  them.     The  cause  in  the  former 
I  being  the  deprivation  of  oxygen  and  the  accumulation  of  the  car- 
dioxide,  and  of  the  ktter,  the  increased  metabolism  of  the  centre 
up  by  the  warmed  blood. 


^ For  an  interesttug  account  of  tbe  sjmptoins  produced  by  diminiehed  atmoe- 
prewtire  id  those  niounting  to  very  high  altitudes,  Whymper's  **TraTelB 
;  the  Andea  of  the  Equator"  may  be  consulted^ 


CHAPTER  VIII. 

SECUETION. 

It  is  tho  function  of  gland  cells  to  produce  by  the  metabolism  oft 
protoplasm  certain  substances  called  secretions.  These  materialB 
two  kinds;  viz.,  those  wliicli  are  employed  for  the  purpose  of 
some  ulterior  office  in  tlio  economy,  and  those  which  are  discharged  1 
the  body  jus  useless  or  injurious.  In  the  former  case,  the 
materials  are  termed  true  strreiions;  in  the  latter  they  are  termed  < 
tions, 

Tho  secretions  as  a  rule  consist  of  substances  which  do  not  j 
in  tho  same  form  in  tho  blocxl,  but  require  special  cells  and  a  pn 
of  elalM)ration  for  their  formation,  r.^.,  the  liver  cells  for  the 
tion  of  bile,  the  mammary  ghin<l-cells  for  the  formation  of  milk. 
excreti<ma,  on  the  other  hand,  commonly  consist  of  substances  wli 
exist  roiuly- formed   in  the  blood,  and  are  merely  abstracted  thcr 
If  from  any  cause,  such  as  ext^Misive  disease  or  extirpation  of  ani 
tory  organ,  the  separati(»n  of  an  excretion  is  preventeil,  and  an  i 
lation  of  it   in  the  Mood  ensues,  it  frequently  (\'ea]x?8  through 
or*rans,  and  may  be  detected   in  various  iluids  of  the  body.     But 
never  the  case  with  secretions;  at  least  with  those  that  are  most < 
rated;  (or  after  the  removal  of  the  s])ocial  organ  by  which  each  of  1 
is  mauufai-tureiU  tlie  secretion  is  no  longer  formed.      Cases  some 
occur  in  whiih   the  se«'retion  continues  to  \)o  formed  by  the  ni 
organ,  hut  not  Innng  able  to  escape  toward  the  exterior,  on  accoa 
souic  fd^struetion,  is  re-ahsorlKM  into  the  blooil,  and  afterward  disch 
from  it  by  exudation  in  other  ways;  but  these  are  not  instances  of  i 
\iearious  secretions,  and  ninst  not  l>e  so  regarded. 

The  eireumstances  of  tlieir  ft>rmation,  and  their  final  destination,! 
however,  the  only  particulars  in  which  secretions  and  excretions  ( 
distinguished;  for,   in  general,  the  structure  of  the  parts  engaged] 
eliminating  excretions  is  as  complex  jis  that  of  the  jwirts  concerned  iaf 
formation  of  secretions.     And  since  the  differences  of  the  two  pr 
of  s^^paration,  corresjHmding  with  those  in  the  several  purposes  and ^ 
tinations  of  the  tluids,  art^  not  yet  ascertained,  it  will  be  sufficie 
,<iu\ik  in  gouenU  terms  of  the  pnHvss. 
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rery  Bccreting  apparatus  possesges,  as  essential  parts  of  ite  BtmotiifOi 

ipl«  ami  aliuogt  textureles-s  iiRniibrane,  luimcfl  the  pn'martf  or  Imni^- 

-membrane;  certriiri  relk:  iind  bhml-resi<vls.     Tliegr  tliree  atruptiiral 

Dents  fire  armn^ed  together  m  viirioiis  ways;  but  all  tlie  varieties  may 

classeil   under  one  or  other  of  two  principal  divisions,  namely,  nwm- 

and  i/lunds. 


Organs  and  Tissues  of  Secretionp 

The  principal  secreting  organs  are  the  following :^ — (1)  the  serous  and 
iTial  Diemhranes-    {'I)    tlie   mucous    TOt?mbranes  with  their  special 
ids,  f.^r.,  the  hucpul,  giistric,  and  inteatinid  glands;   (3)  the  salivary 
ids  and   pancreas;   (4)  tlio  nuunmary  glands;  (5)  the  liver;   (0)  the 
rnal  gland  ;  (7)  the  kiduey  and  akin  ;  and  (8)  the  testes  and  ovaries, 
e  structure  and  functions  of  the  glauds  secreting  materials  used  in 
;e£tion  will  he  <  onsidered  when  wo  study  the  alimentary  tract,     Tlie 
ons  of  the  kidney  aud  skin  will  tH3  described  in  a  future  chapter, 
'he  la<d*rymai  ghind  will  be  considered  with  the  rest  of  the  optic 
iparatus  and  the  testes  in  the  Chapter  on  Generation-     There  remaio, 
en,  the  serous  and  mueona  membranes  and  the  mammary  ghind  to  he 
ST©  described. 
(1.)  Serous  and  Synovial  Membranes.— Serous  membranes  are  of 
principal  kinds:  i.y/.  Those  wlii eh  line  visceral  cavities, — the  araeh- 
li  perirardunn^  pleurw^  peritoneum^  and  iiinivw  vtif/hiales,     '2d,  The 
ial  TfiembranpR   lining    the    JointvS,    and    the  sheaths   of  tendons 
ligaments,  with  which,  also,  are  usually  included  the  sifnovial  httrsm^ 
hnrsw  Tfiitro^tP^  whether   these  be   subcutaneous,  or  situated   hen  eat  h 
idona  and  glide  over  bones. 

The  serous  membranes  form  closed  sacs,  and  exist  wdierever  tlie  free 
rfliC€9  of  viscera  couie  into  coo  tact  with  each  other  or  lie  in  cavities 
Maclied  to  surrounding  part^.  The  viscera  invested  by  a  serous 
brane  are,  as  it  were,  pressed  into  tlie  shut  sac  which  it  forms, 
rrying  before  them  a  portion  of  the  menibraue,  which  serves  as  their 
»«!gtment.  To  the  law  that  serous  membranes  form  shut  sacs,  there 
in  the  human  subject,  one  exception,  viz. :  ilie  opening  of  the  Fal- 
tan  tubes  into  the  abdominal  cavity, — an  arrangement  which  exists 
man  and  all  Vertebrata,  w4th  the  exception  of  a  few  fishes. 
The  serous  membranes  are  especially  distinguished  by  the  characters 
til©  endothelium  covering  their  free  surface:  it  always  consists  of  a 
gle  layer  of  polygonal  cells.  The  ground  substance  of  most  serous 
hranes  consists  of  connective-tissue  corpuscles  of  various  forms 
Ig  in  the  branching  spaces  wdiich  constitute  the  hjmph  canalicular 
UfFi^  and  interwoven  with  bundlca  ol  white  fibrous  tissue,  and  nu* 
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merousdelit^atoolaigtie  fibrilla*,  together  with  blood-Teeiela,  nenei, 
lymphatics.     In  reliition  to  the  process  of  secretion,  the  layer  of  con 
tive  tissue  serves  an  a  i^^royodwork  for  the  ramification  of  blood-i 
nerves,  and  lymphatics.     But  iu  iU  usual  form  it  is  absent  insoBMl 
stances,  as  iu  the  aruL'hnoid  covering  the  dura  mater,  and  in  the  int< 
of  the  vectridea  of  the  brain.     The  primary  membrane  and  epitlid 


fl^,  JB4.— Bcctfom  of  fif^ovial  rnemlimiK''      a,  Endothelial  covering  of  tha  elefVtlOBf  qC| 
membrane:  b^  subHiTniiH  tlsKue  etmtaiuiuK  foi  «uitl  LvIchmI  vf«8(^U;  c,  lijcMaeEii  cov^rad  IqrlT 
norlil  membraoi.^.     (.C'luJiljit.) 


are  always  present,  and  are  concprned  in  'tlie  formation  of  tbeflnidi 
which  the  free  surface  of  tlie  membrane  is  mojatened. 

Ihin^tionH, — The  principal  purpose  of  the  serous  and  synovial i 
branes  In  to  furnisli  asmootli,  moist  surface,  to  facilitate  the  rooren 
of  the  invested  organ,  and  to  prevent  the  injurious  effects  of  fric 
This  purpose  is  especially  manifested  in  joints,  in  which  free  and( 
sive  movements  take  place;  and   in  the  stomach  und  intestines, 
from  the  varying  quantity  and  movements  of  their  contents^  are  in 
most  constant  motion  upon  one  another  and  the  walls  of  the  abdon 

Fluid. — The  fluid  secreted  from  the  free  Fnrfaco  of  the  serous 
branes  is,  in  health,  rarely  more  than  sufticient  to  ensure  the  ma 
nonce  of  their  moisture.  The  opposed  surfaces  of  each  serous  saci 
every  point  in  contact  with  each  other.  After  death,  a  larger  quantity! 
fluid  is  usually  found  in  each  serous  sac;  but  this,  if  not  the  produc 
manifest  disease,  is  probably  such  as  has  transuded  after  death,  i 
the  last  hours  of  life.  An  excess  of  such  fluid  in  any  serous  sac  ooS^ 
tutes  dropsy  of  the  sac* 


The  fluid  naturally  eecreted  by  tbe  seroya  membranes  appears  to  be 
patical,  iu  general  and  cbemieal  characters^  with  very  dilute  blood 
tun.  It  is  of  a  pale-yellow  or  t^traw-cotor,  slightly  viBcid,  alkaline,  and 
account  of  the  presence  of  albumen,  coagulable  by  heat.  Tlits  simi- 
itj  of  the  seroua  fluid  to  the  liquid  part  of  blood,  and  to  tbo  3uid  with 
3ch  mogt  animal  tissues  are  moietened,  formerly  led  to  the  belief  that 
Iras  a  giiuple  transudation;  but  Heideuhaiu  has  concluded  from  experi- 
Snta  that  the  process  of  separation  is  one  of  secretion,  dependent  upon 
»  aelective  actiTily  of  the  endothelial  cells.  There  is  reason  for  sup- 
Hing  that  the  fluids  of  the  cerebral  veBtriclea  and  of  the  arachnoid  sac 

likewise  secretiona;  for  tbey  differ  from  tbe  Huids  of  the  other  serous 

mot  only  iii  being  pellucid,  colorlesa^  and  of  much  leas  epecifio  grav- 
f,but  in  that  they  seldom  receive  the  tinge  of  bile  when  present  in  tbe 
oo(l»  and  are  not  colored  by  madder,  or  other  similar  substances  intro- 
iced  abundantly  into  the  blood. 

It  is  also  probable  that  the  formation  of  synot'ial  fin  id  is  a  process 
genuine  and  elaborate  secretion,  by  means  of  the  epithelial  cells  on 

surface  of  the  membrane,  and  especially  of  those  which  are  aocumu- 
it^  on  the  edge  and  processes  of  the  synovial  fringes;  for,  in  its  pecu- 
density^  viscidity,  and  abundance  of  albumen,  synovia  dilTers  alike 
mi  the  serum  of  blood  and  from  the  fluid  of  any  of  the  serous  cavities. 

(2.)  Mucous  Membranes. — The  muvous  immbmms  line  all  those 
Wges  by  which   internal  parts  communicate  with  the  exterior,  and 

which  either  matters  are  eliminated  from  the  body  or  foreign  sub- 

ces  taken  into  it*  They  are  soft  and  velvety,  and  extremely  vascu- 
The  external  surfaces  of  mucous  membranes  are  attached  to  various 
ler  tissues;  in  the  tongue*  for  example,  to  muacle;  on  cartilaginous 
rta,  to  perichondrium;  in  the  cells  of  tbe  ethmoid  bone,  in  the 
jntal  and  sphenoidal  sinuses,  as  well  as  in  the  tympanum,  to  perios- 
;  in  the  intestinal  canal,  it  is  connected  with  a  firm  submucous 
brane,  which  on  its  exterior  gives  attachment  to  the  fibres  of  the 
nculaf  coat.     The  mucous  membranes  line  certain  principal  tracts — 

iro'puhnonarij  and  Oenito-nruiarg;  the  former  being  subdivided  into 

Difjestive  and  Eespiraiory  tracts. 

1.  The  Digestive  tract  commences  in  the  cavity  of  the  mouth,  from 
ich  prolongations  pass  into  the  ducts  of  the  salivary  glands.     From 

moutb  it  passes  through  the  fauces,  pharynx,  and  cesophagua,  to  the 
much,  and  is  thence  continued  along  the  whole  tract  of  the  intestinal 

ftl  to  the  termination  of  the  rectum,  being  in  its  course  arranged  in 

rariaus  folds  and  depressions  already  described,  and  prolonged  into 

ducts  of  the  intestinal  glands^  the  pancreas  and  liver,  and  into  the 
hbladder. 
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2.  The  Respiratory  tract  includes  the  mucoas  membrane  lining 
cavity  of  the  nose,  and  the  various  sinuses  communicating  with  it, 
lachrymal  canal  and  sac,  the  conjunctiva  of  the  eye  ojid  eyelids,  and 
prolongation  which  passes  along  the  Eustachian  tubes  and  lineBthe 
panum  and  the  inner  surface  of  the  membrana  tympani.     Crowing 
pharynx,  and  lining  that  part  of  it  which  is  above  the  soft  palste, 
respiratory  tract  leads  into  the  glottis,  whence  it  is  continued, 
the  larynx  and  trachea,  to  the  bronchi  and  their  divisions,  whidi 
lines  as  far  as  the  branches  of  al)out  -^  of  an  inch  (|-  mm.)  in  diai 
and  continuous  with  it  is  a  layer  of  delicate  epithelial  membrane  wl 
extends  into  the  pulmonary  cells. 

3.  The  Gcnito-urinary  tract,  which  lines  the  whole  of  the  urinarj 
sages,  from  their  external  orifice  to  the  termination  of  the  tnbuli  nrinil 
of  the  kidneys,  extends  also  into  the  organs  of  generation  in  both 
and  into  the  <lucts  of  the  glands  connected  with  them:  and  in  the 
becomes  continuous  with  the  serous  membrane  of  the  abdomen  at 
fimbriiB  of  the  Fallopian  tubes. 

Stntcfiire. — These  mucous  tracts,  and  different  portions  of  each 
them,  present  certain  structural  peculiarities,  adapted  to  the  fnn( 
which  each  part  has  to  discharge;  yet  in  some  essential  characten 
mucous  membrane  is  the  same,  from  whatever  part  it  is  obtained, 
all  the  principal  and  larger  parts  of  the  several  tracts,  it  presents,! 
just  remarked,  an  external  layer  of  epithelium,  situated  upon  a  bastmm 
viembrttu(\  and  beneath  thi*,  a  stratum  of  vascular  tissue  of  variaU 
thickness,  containing  lynij)hatic  vessels  and  nerves.  The  vascnb 
stratum,  toji:etiier  with  the  basi^ment  membrane  and  epithelium,  in difi* 
ent  eases,  is  elevateil  into  minute  papilhe  and  villi,  or  depressed  id 
inv«iIutions  in  the  form  of  glands.  But  in  the  prolongations  of  ft 
trarts,  where  thoy  pass  into  gland-duets,  these  constituents  are  redaoa 
in  the  finest  hraneliesttf  tlie  duets  to  the  epithelium,  the  primary  or b«l 
nient-nienihrane,  and  the  eajiillary  blooil -vessels  spread  over  the  ooti 
surfaee  «>f  the  latter  in  a  single  layer. 

The  primary  or  bjukMuent  membrane  is  a  thin  transparent  layer,  M 
pie,  homogeneous,  or  eompi^sed  of  endothelial  cells.  In  the  minntl 
ilivisions  of  the  murous  membranes,  and  in  the  ducts  of  glands,  it  is  tiki 
layer  lontinuons  ami  correspondent  with  this  basement-membrane thi 
forms  tlie  proper  walls  of  the  tulvs.  The  cells  also,  which,  lining  th 
larircr  and  coarsiT  mucous  mombramv?,  constitute  their  epithelium,  ai 
ivutiuuous  with  and  often  similar  to  those  which,  lining  the  glaud-dadl 
are  called  t/uvulrtlis.  No  certain  distinction  can  l>e  drawn  between tk 
epithelium-vvlls  of  nuicous  membranes  and  gland-eells. 

.Wf*j'.>r.,\'  Fluid:  Mucus, — From  all  mucinis  membranes  there  is  secrets 
either  from  the  surfa^v  or  from  certain  siKvial  glands,  or  from  both, 
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lore  or  less  viscid,  grayish,  or  Bemi -transparent  fluid,  of  alkaline  reac- 
lOB  and  higli  specilic  gravity,  named  mueus.  It  nnxts  iMiperfyctly 
ith  water,  but,  rapidly  absorbing  liquid,  it  swells  considerably  when 
lit^r  \A  added.  Under  the  microscope  it  is  found  to  oontrtin  epithtduim 
tid  leneocytcs.  It  \s  fonnd  to  be  made  up,  chemically^  of  mucin, 
''hieh  forms  its  chief  bulk,  of  a  little  albumen,  of  salts  chiefly  chlorides 
ad  phosphates,  and  water  with  traces  of  fata  and  extractives, 

Seoretiko  Glands. 

The  secreting  glands  present,  amid  manifold  diversities  of  form  and 
position,  a  general  plan  of  structure;  all  contain,  and  appear  con- 
acted  w*ith  particular  regard  to  the  arrangement  of  the  cells,  which,  as 
y  expressed,  both  line  their  tubes  or  cavities^  tiA  un  epithi-lium,  and 
^rate,  as  secreting  cells,  the  substances  to  be  discharged  from  them. 
T^/pe/i  of  M'<errefi nff  Glatids. — ^Secreting  glands  may  beclassifiinl  accord- 
to  certain   types,  which  are  the  fuUowiog: — 1.  The  simple  iubnlar 
,d  (a,  fig.  225),  examples  of  which  are  furnished  by  the  follicles  of 
ief>erknhn,  ami  the  tubular  glands  of  the  stomach.     They  are  simple 
ibular  depressions  of  the  mucous  membrane,  the  wall  of  whicii  is  formed 
primary  membrane  and  is  lined  with  secreting  cells  arrange<l  as  an 
lelium.     To  the  same  class  may  be  referred  the  elongated  ami  tur- 
»it  dor  if  era  u  s  f/ia  ft  di . 
2.  The  rompouuti  iubuhtr  glands  (u,  fig.  226)  form  another  division, 
consist  of  main  gland- tubes,  which  divide  and  subdivide.     Each 
may  \ye  made  up  of  the  subdivisions  of  one  or  niortj  main  tubes, 
le  ultimate  subdivisions  of  the  tubes  are  generally  highly  convoluted, 
hey  are   formed  of   a   basement-membrane,    lined    by   epithelium   of 
ous  forms,     Tiie  larger  tubes  may  have  an  outside  coating  of  filirous, 
liar,  or  muscular  tissue.     The  kidneff^  /p.^/fx,  sfiiimitrt/  (jhnds^  pan- 
BrHtuier^^  glands^  with  ihf  lachrf/mnl  atnl  Mammarjf  ffltmds^  and 
mucous  glands   are  examples  of  this  type  but  jiresent  mort?  or  less 
ked  variations  among  themselves. 

%  The  aa[/rfff(tiefiT  rare/nose  glands,  in  which  a  nunibi^r  of  vesicles  or 

ni  are  arranged  in  groups  or  globules  (c,  fig.  225).     The  vipilmmian 

Hrlts  are  examples  of  this  kind  of  gland.     There  seem  to  be  glands  of 

xed  character,  combining  some  of  tlio  characters  of  the  tubular  with 

lera  of  the  racemose  tyjic;  these  are  called  iulmlo-racefnofte  or  inbuh}' 

glands.     These  glands  difFer  from  each  other  only  in  secondary 

of  structure:  such  as,  chit^fly,  the  arrangement  of  their  excretory 

the  grouping  of  tbe  acini  and  lobules,  their  connection  by  areolar 

ip  and  sapply  of  blood-vessels.     Tlie  acini  commonly  appear  to  be 

led  by  a  kind  of  fusion  of  the  walls  of  severul  resicles,  which  thus 
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combine  to  form  one  cavity  lined  or  filled  with  secreting  cells  which  ito 
occupy  recesses  from  the  main  cavity.  The  smallest  branches  of  tti 
gland-ducts  sometimes  o|)eu  into  the  centres  of  these  cavities;  loai- 
times  the  acini  are  clustered  round  the  extremities,  or  by  the  sidei  d\ 
the  ducts:  but,  whatever  secondary  arrangement  there  may  be,  aUhm 
the  same  essential  character  of  rounded  groups  of  vesides  oontaimii 


k  _  B I 


Fig.  225.— Plans  of  oxtonslon  of  wvn»tinfr  membrane  by  inveraion  op  receiBlon  tnfonn  ofc 
ities.  A,  Siinplf*  ulandH,  vi/..,  (/,  Htnii^'ht  tulie;  h,  sae;  i,  coiled  tube.  B,  Multilocular  crrpli; 
of  tubular  form :  /,  Mu'cular.  r,  lim'tMiuise,  or  wiocular  compound  eland ;  m,  entire  eland,  tk 
luK  braiM'hfd  dut't.  and  lobular  »tnu*ture;  «,  a  lobule,  detached  with  o,  branch  of  duct 
iiiK  from  It.     1),  Com|Kiund  tubular  ^lanil  (ShariH>y). 


gland-coUs,  and  opening  by  a  common  central  cavity  into  minute  ductii 
which  ducts  in  tlio  large  glands  converge  and  unite  to  form  larger 
larger  branches,  and  at  length  by  one  common  trunk  open  on  a 
surface  of  membrane. 

Among  theflt»  varieties  of  structure,  all  the  secreting  glands  arealihl 
in  some  essential  points,  besides  those  which  they  have  in  common  witt 


trnl;  secreting  structuros.  Tliey  agree  iu  presenting  a  large  extent 
secreting  snrface  within  ft  compariitively  sirnili  space;  in  tlie  circuni- 
fcnce  that  while  one  end  of  the  gland -duct  opens  on  a  free  surf  ace,  the 
poeite  end  is  always  cloeod,  hjiviog  do  direct  comraiinication  with 
>od-vessels,  or  any  other  oanol;  and  in  a  uniform  arrangemeut  of 
;>illary  blood-vessela,  rauiifyiiig  and  farmiug  a  network  around  the 
ills  and  10  the  interstices  of  the  duets  and  acini. 

Process  of  Secretion, — It  ia  generally  conceded  that  the  proceBa  of  se- 
ction is  dependent  upon  the  selective  activity  of  the  secreting  cells. 
[U  probable  J  however,  in  the  case  of  the  water  and  saltSj  that  the  phy  fi- 
ll procesfies  of  iiltration  and  diffnaion  may  play  a  part. 
i  The  chemical  processes  coostitnte  the  process  of  secret  ion  j  properly  sa 
lied,  as  distinguished  from  mere  transudation  ejjoken  of  above.     In 
chemical  process  of  secretion,  various  materials  which  do  not  exist  as 
teh  in  the  blood  are  manufactured  by  the  agency  of  the  gland-cells  from 
blood,  or,  to  speak  more  accurately,  from  the  plasma  which  exudes 
m.  the  blood-vessels  into  the  interstices  of  the  gland- textures. 
The  be^t  evidence  in  favor  of  this  view  is :   Ist.  That  colls  and  nuclei 
constituents  of  all  glands,  however  diverse  their  outer  forms  and  other 
liracters,  and  that  they  are  in  all  glands  jilaccd  on  the  surface  or  in 
» cavity  whence  the  secretion  is  poured.     2d.   That  certain  materiak 
secretions  are  visible  with  the  microscope  in  the  gland  cells  before 
(J  are  discharged.     Thus,  granules  probably    representing  the  fer- 
Ints  of   the  pancreas  may   be  discerned  in  the  cells  of  that  gland; 
Rmatozoids  in  the  cells  of  the  tubules  of  the  testicles;  granules  of 
ic  acid  in  those  of  the  kidneys  (of  fish);  fatty  particles,  like  those  of 
ilk,  in  the  cells  of  the  manjmary  ghouL 

Secreting  cells,  like  tho  cells  of  other  organs,  appear  to  develop,  grow, 
I  attain  their  individual  perfection  by  appropriating  nutriment  from 
fluid  exuded  by  atljaccnt  blood -vessels  and  buihling  it  up,  so  that 
•hall  form  part  of  their  own  substance.  In  this  perfected  state  the 
lU  subsist  for  some  brief  time,  and  when  that  period  is  over  they 
pear  to  dissolve,  wholly  or  in  part,  and  yield  their  contents  to  the 
culiar  material  of  the  secretion.  And  this  appears  to  be  the  case  in 
ITT  part  of  the  gland  that  contains  the  appropriate  gland-cells;  there- 
not  in  the  extremities  of  the  ducts  or  in  the  acini  alone,  but  in  great 
It  of  their  length. 
We  will  describe  elsewhere  the  changes  which  have  been  noticed  from 
mwl  exj^riment  in  the  cells  of  the  salivary  glands,  pancreas,  and  peptic 


lH$charg$  of  secretions  from  glands  may  either  take  place  as  soon  aa 
Ijr  are  foraaed;   or  the  secretion  may  be  long  retained  within  the 
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giand  or  its  ducts.     The  former  h  tlie  case  with  the  sweat  gkoik.    But 
the  secretiaud  of  those  glands  whose  activity  of  fuuction  is  otiIjuc{»^J 
Bionul  am  iisiial) y  retain uil  in  the  cells  in  an  undeveloped  form  du 
tiio  periotid  of  tlio  gland's  iiuu^tion.     There  are  glands  which  are  l 
both  thcfc^e  (rla».s4^ri,  gueh  as  the  lachrymal,  which  coDstautlj  secrete  i 
portioiif}  of  lluid,  and  on  occasions  of  greater  excitement  dischiiige  i 
njore  abimdantly. 

When  discharged  into  the  ducts,  the  further  course  of  secretiooii 
affected  (1)  partly  hy  the  pressure  from  behind;  the  fresh  quaDtiticffl 
secrutiou  propelling  those  that  were  formed  before.  In  the  larger  do 
its  propulsion  is  (2)  assisted  by  the  contraction  of  their  walls.  AH  I 
larger  ducts,  such  as  the  ureter  and  common  bile-duct,  possess  in  1 
coats  i^laiu  muscular  libres;  they  contract  when  irritated,  and  someti 
manifest  peristaltic  movements.  Rhythmic  contractions  in  the  ] 
and  bile-ducts  bave  been  observed,  and  also  in  the  ureters  and 
deferentia.  It  is  jirobuble  that  the  contractile  power  extends  algng I 
ducts  to  a  considerable  distance  within  the  substance  of  the  glaiidawb 
secretions  can  be  rapidly  expelled.  Saliva  and  milk,  for  instaace, i 
sometimes  ejected  witli  much  force, 

Cirruniiflance^  Injlutmcimj  Secretion. — The  principal  conditionswliij 
ijitlueuee  secretion  are  (1)  variations  in  the  quantity  of  bloud,  (5)t| 
tioDS  in  the  quantity  of  the  peculiar  materials  for  any  secretion  tha 
blood  may  contain,  and  (3)  variations  in  nerve  impulses  passing  to  I 
gland  cells  over  Hccrctory  nerve  libres. 

(L)  An  hwrvnsa  in  the  quantity  of  Mood  traversing  a  tfhnd,w\ 
nearly  all  Uie  instancca  before  quoted,  ooincides  generally  with  an  i 
mentation  of  ita  secretion.  Thus  the  mucous  membrane  of  the  ( 
becomes  ilorid  when,  on  the  introduction  of  food,  its  glands  begiol 
secrete;  the  mammary  gland  Ijocomes  much  more  vascular  during! 
tion;  aud  all  eircumstanccs  which  give  rise  to  an  increase  in  the  < 
tity  of  material  socretod  by  an  organ  produce,  coincideutly,  an  inert 
supply  of  blood;  hut  we  have  Been  that  a  discharge  of  saliva  may< 
under  extraordinary  circumstances,  without  increase  of  blood-snpp 
and  so  it  may  be  inferred  that  this  condition  of  increased  blood-^upp' 
is  not  absolutely  essential. 

(2,)  An  increuM  in  the  amount  of  the  materials  which  the  glandii 
dmif/ned  to  separate  or  elaborate^  contaifiefl  in  the  blood  supplied  to  I 
increases  the  amount  of  any  secretion.  Thus,  when  an  excess  of  niti 
genous  waste  is  in  the  blood,  from  destruction  of  one  kidney  or  whati 
cause,  a  healthy  kidney  will  excrete  more  urea  than  it  did  before* 

(3.)  InfluBn^ie  of  the  T^ertmis  St/stem  on  Seer et ion, -^The  f^roceB^ 
secretion  is  largely  iniluencod  through  the  nervous  system.     Thei 
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fmch  tlie  influence  is  cxhibiteil  nui st  still  be  regarded  as 
bewhat  ohnciire.  In  jutrtj  it  exerts  its  inHueiice  by  ini: reusing  or 
iQinishin^  tbe  quantity  of  blood  supplied  to  the  aecrtiting  glaudj 
virtue  of  the  power  wliidi  it  exercises  over  the  eoiatnujtility  of  the 
iiUer  blood- vesstds;  while  it  also  hiia  a  more  direct  iiillnenee,  m  is 
teribed  at  length  in  the  ctise  of  the  subniuxillary  gland,  upon  the 
retiug  cells  theniselvoe;  this  may  be  called  imp/tic  influence.  Its 
Hence  over  secretion,  jis  well  as  over  other  functions  of  the  body, 
y  be  excited  by  causes  acting  directly  upon  the  nervous  centres,  upon 

I  nerves  going  to  the  secreting  orgnn,  or  upon  the  nerves  of  other 
t8.     In  the  hittcT  ease,  a  reflex  action  is  produced-  thus  the  impres- 

II  producetl  upon  the  nervoos  centres  by  the  contact  of  food  in  the 
lath  is  reilected  upon  the  nerves  supplying  the  «alivary  ghuub,  and 
duces,  through  these,  a  more  abundant  secretion  of  the  saliva. 
Through  the  nerves,  various  eonditionn  of  the  brain  nho  influence  the 
■eiions.  Thus,  the  tlionght  tif  foud  Diay  be  snOieient  to  excite  an 
ndant  flow  of  sjiliva.  And,  prnljably,  it  is  the  iticnlal  state  which 
\ies  the  abunilant  secretion  of  nrine  in  bysterical  psiroxysms,  us  well 
he  perspirations,  and  occasionally  diarrhoea,  which  ensue  under  the 
Bienc!©  of  terror,  and  the  tears  excited  by  sorrow  or  excess  of  Joy. 

I  quality  of  a  secretion  may  also  be  atfeeted  by  mental  eonditions,  ns 
he  cases  in  which,  through  grief  or  passion,  the  secretion  of  milk  is 
rt*tl,  and  is  sometimes  so  changed  as  to  produce  irritation  in  the 
lentary  canal  of  the  child,  or  ev^n  death. 

Relaiion^  between  the  S&Tviions. — The  secretions  of  some  of  the  glands 
I  to  bear  a  certain  relation  or  antagonisnj  to  each  other,  by  which 
ncreiised  activity  of  one  is  usually  followed  by  diuiinisln^d  activity  of 
or  more  of  the  others;  and  a  deranged  condition  of  one  is  apt  to 
Lil  a  disordered  state  in  the  others.  Such  relations  appear  to  exist 
rtig  tbt?  various  mncous  membranes;  and  the  close  relation  hetweeu 
isecretion  of  the  kidney  and  that  of  the  skin  is  a  subject  of  constant 
nration. 

The  Mammary  Glands. 

Siructure. — The  mammary  ghmds  are  conii)osed  of  large  divisions  or 
R,  and  these  are  again  divisible  into  lobules— the  tubules  being  com- 
tf  of  the  convoluted  and  dilated  subdivisions  of  the  main  ducts 
toll)  held  together  by  connective  tissue.  The  lobes  and  lobules  too 
bound  together  by  areolar  tissue;  penetrating  between  tbe  lobes  and 
ring  the  general  surface  of  the  ghind,  with  tbe  exception  of  the 
lie,  is  a  considerable  quantity  of  yellow  fat,  itself  lobulated  by 
;]i8  and  processes  of  tough  areolur  tissue  (iig.  22(!)  connected  both 
le  bkiii  in  front  and  tbe  glaud  behind;  the  same  bond  of  counec- 
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tion  extending  also  from  the  under  eurface  of  the  gland  to  the  i 
connective  tmue  of  the  great  pectoral  muscle  on  which  it  lie&. 
main  ductB  of  the  gland^  iifteen  to  twenty  in  number,  called^ the  I 
eroi4s  or  galadopiiorous  ducts^  are  formed   by  the  union  of  the 
(lobular)  duct«,  and  open  by  small  separate  orificeB  through  the  ni| 
At  the  pointa  of  junotion  of  lobular  ducts  to  form  lactiferous  ducts,  ^ 
just  before  these  enter  the  ba^  of  the  nipple,  the  ducts  are  dilated  < 


-■h>>Jwl. 


f^S^X 


&\ 


Ft(r.  298.— DiftBectlcm  *>f  thn  lowor  half  of  ihf<  ffmnle  m*mm&.  durliis  the  i 

f^— Ijj  th**  l«*ft-liADrl  6k1t>i  i>f  tliH  diRi*ei't*'d  part  tlif  i^litndijlcur  lobes  ire  ctzpowc ,__ ^  . 

ravel  tfHl;  rvnfl  nn  tlie  Hi^bt  harul  hUAv*,  th«>  KlnTi>dii1flr  i«ubeUuic«  has  Iwen  removoil  loitevl 
relleiitar  IihhiU  of  ihoeimneotivo  tissue  in  which  Kh' ^landulv  lobiil^ft  arei  placed:  LUppn*] 
of  the  mAmilLn  itv  nipple;    C,  urt'^ila;  8,  wuKh  utAOCKiuf*  niai$iieft  of  fat*  4,  relieal^  loieSu <C 
cooDei'tive  iif^ue  whicii  uupport  thi*  |;;l&udiiLiir  HiibBt&nee  n,nd  eoDtAJn  the  faitjr 


three  i«ctlf«ro«»  dijft*  shnwo  iiaiwinif  tciward   th*^  mfttnlllii  wh*?r^th<»y  open  ^  6, 

lactol  or  rQierTolr«;  7.  tKinie  of  ihe;  glautlular  lobules  which  have  been  unravelled; 
nnned  together  (Lusckka). 


r,  i 


226);  and,  during  lactation,  the  period  of  active  secretion  by  the  gli 
the  dilatations  form  reservoirs  for  the  milk,  which  collects  in  and 
tends  thero.  The  walls  of  the  gland-dwctfl  are  formed  of  areolar  with  i 
unstriped  muscular  tissue,  and  are  lined  internally  by  short  colu 
and  near  the  Tiippk  by  Bqiiamoua  epithelium.  The  alveoli  consist 
membrana  propria  of  flattened  endothelial  cells  lined  by  low  oolii 
epithelium,  and  are  filled  with  fat  globules. 

The  nipple,  which  contains  the  terminations  of  the  lactiferous  dn 
is  composed  also  of  areolar  tissue,  and  contains  unstriped  muacular  I 
Blood-vessels  are  also  freely  supplied  to  it,  so  as  to  give  it  a  sp 
erectile  atruolure.     On  its  surface  are  very  sengittve  papillse;  and 
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i  ft  small  area  or  areola  of  pink  or  dark-tinted  skio^  on  which  are  to 
en  small  projectioos  formed  by  minute  secreting  glande. 
'  BIood*Teaiek,  nerves,  and  lymphatics  are  plentifully  supplied  to  the 
wnary  glands;  the  calibre  of  the  blood-vessels,  as  well  as  the  size  of 
glands,  varying  very  greatly  under  certain  conditions,  especially 
'  of  pregnancy  and  leictation. 
The  alveoli  of  the  glands  during  the  secreting  periods  are  found  to  be 
with  very  short  columnar  cells,  with  nuclei  situated  toward  the 


r.— Sectioa  of  tnamnmry  f^taod  of  bitch,  sliowiDg  acliii,  Uced  with  epitheli&l  celli  of  & 
polyhedfml  or  short  colmomar  foroa.     X  SOD.    (V.  D.  Hwrts.) 

The  edges  of  the  cells  toward  the  lumen  may  be  irregular  and 
and  the  remainder  of  the  alveolus  is  filled  up  with  the  materials 
llhe  milk.     During  the  intervals  between  the  acts  of  discharge,  the 
>of  the  alveoli  elongate  toward  the  lumen,  their  nuclei  divide,  and 
J  part  of  the  cells  toward  the  lumen  a  collection  of  oil  globules  and 
bly  of  other  materials  takes  place. 

next  stage  is  that  the  cells  divide  and  tlie  part  of  each  toward  the 

containing  a  nucleus  and  the  materials  of  the  secretion  is,  as  it 

broken  off  from  the  outer  part  and  goes  to  form  the  solid  part  of 

'  milk.     The  cells  also  secrete,  from  the  blood  supplied  to  them,  the 

r,  salts,  and  probably  sugar.     In  addition  to  the  actual  casting  ofl 

of  the  cells  containing  fat  and  the  other  materials,  oil  globules 

'  to  pass  out  from  the  cells  with  the  other  materials  into  the  lumen 

^ alveoli.     The  ciist*off  parts  of  the  cells  disintegrate  or  break  down, 

Ding  a  kind  of  solution  in  the  more  fluid  part  of  the  secretion. 

the  earlier  days  of  lactation,  epithelial  cells  partially  transformed 

Jiliseharged  in  the  secretion:  these  are  termed  eolosirum  corpuscles^ 

iter  on  the  cells  are  completely  transformed  into  fat  before  the 

on  is  discharged. 

er  the  end  of  lactation,  the  mamma  gradually  returns  to  its  original 

evolution).     The  acini,  in  the  early  stages  of  involution,  are  lined 

DeUs  in  all  degrees  of  vacuolotion.     As  involution  proceeds  the 

diminish  considerably  in  size,  and  at  length,  instead  of  a  mosaic 

21 
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of  lining  epithelial  cells  (twenty  to  thirty  in  each  acinus),  webai 
or  six  nuclei  (some  with  no  surrounding  protoplasm)  lying  in  an  ii 
lar  heap  within  the  acinus.  During  the  later  stages  of  involntioD, 
yellow  granular  cells  are  to  be  seen.  As  the  acini  diminish  in  sb 
connective  tissue  and  fatty  matter  between  them  increase,  and  in 
animals,  when  the  gland  is  completely  inactive,  it  is  found  to  conf 
a  thin  film  of  glandular  tissue  overlying  a  thick  cushion  of  fat. 
of  the  products  of  waste  are  carried  off  by  the  Ijonphatics. 

During  pregnancy  the  mammary  glands  undergo  changes  (evol 
which  are  readily  observable.  They  enlarge,  become  harder  and 
distinctly  lobulated :  the  veins  on  the  surface  become  more  prom 
The  areola  becomes  enlarged  and  dusky,  with  projecting  papilla 
nipple  too  becomes  more  prominent,  and  milk  can  be  squeezed  frc 
orifices  of  the  ducts.  This  is  a  very  gradual  process,  which  comi 
about  the  time  of  conception,  and  progresses  steadily  during  the 
period  of  gestation.  In  the  gland  itself  solid  columns  of  cells  I 
from  the  old  alveoli  to  form  new  alveoli.  But  these  solid  column 
a  while  are  converted  into  tubes  by  the  central  cells  becoming  fat 
being  discharged  as  the  colostrum  corpuscles  above  mentioned. 

Milk. 

The  mammary  secretion,  or  milk,  is  a  bluish- white,  opaque  flui 
a  pleasant,  sweet  taste,  of  specific  gravity  of  1028-1034.     It  is 


^. 
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Tig.  228.— Globules  and  molecules  of  cow's  mUk.     x  400. 

emulsion.  Under  the  microscope,  it  is  found  to  contain  a  num 
globules  of  various  sizes  (fig.  228),  the  majority  about  i^^^^j  of  ai 
(2.5  /j)  in  diameter.  They  are  composed  of  oily  matter,  and  are 
milk-glohuleSy  but  the  old  view  that  they  had  an  investing  membi 
albuminous  material  is  now  generally  discarded.  Accompanying 
are  numerous  minute  particles,  both  oily  and  albuminous,  which  e 
ordinary  molecular  movements.     The  milk  which  is  secreted  in  tl 


ISya  after  parturition  is  ca])ed  the  colostrum.  Tliis  cootaina  the 
alar  colostrum  corpuscles,  which  are  four  or  five  times  the  size  of 
globules,  and  diners  from  ordinary  miJk  in  containing  a  larger 
tity  of  solid  matter,  and  in  being  deep  yellow,  less  sweet,  but  far 
jlkalJDe,  and  in  having  a  specitic  gravity  of  1040-1046. 

Composition  of  Colostrum  (PfeifTer). 

Froleids 5.71 

Fat 2.04 

Sugar 3.74 

Salta 0,28 

Wiit^r 88.28 

ltX).0(> 

%emical  Composition  of  Milk. — In  addition  to  the  oil  existing  in 
lerless  little  globules  floating  In  a  large  quantity  of  water,  milk 
iina  certain  proieids^  7nill>sugar  (lactose),  and  several  varieties  of 
ltd  percentage  composition  has  been  already  mentioned,  but  may 
ire  repeated.     Its  reaction  is  slightly  alkaline. 

Chemical  Composition  op  Milk.    (After  Foster,  Harrington,  et  aL) 

Human.       Cow.        Jf&re,         Bllch. 

Water 87.30        87  90  76 

Solids 13.70        IS  10  24 

I      Fats 4.00        4  3  10 

Proteida       ,        .        .        ,  1.50        4  2.5  10 

Sugar      ,        ....      7  4.3  5  3.5 

Saffs 20  .7  .S  .5 

Constituents  of  Milk. 

L)  Water, — The  amount  of  water  varies  in  different  animals^  and 
e  eame  animal  from  time  to  time.  This  is  seen  from  the  varying 
fie  gravity;  that  of  cow's  milk,  on  the  average,  varies  from  1028  to 
in  unskimmed  milk,  and  from  1033  to  1037  in  skimmed  milk. 
imoQDt  secreted  by  a  woman  is  from  10  to  16  oz.  at  the  end  of  the 
week  of  lactation,  and  increaaea  to  from  30  to  40  02.  by  the  eighth 
nth  mouth,  A  cow  nnder  favorable  circumstances  aecretea  at  least 
narts  a  day. 

t)  Proteids, — These  are  of  two  kinds  at  least,  viz.,  caseiiioge^i  and 
ilhutnin.  Oaseinogen  may  be  obtained  from  milk  either  by  the 
ion  of  an  acid,  e,g.^  acetic,  or  by  saturation  with  orystalliased  mag- 
m  sniphate  or  sodium  chloride  In  the  way  already  indicated.  Case- 
tn^  as  already  pointed  ont,  belongs  to  the  claaa  of  nncleo-albuminB 
p.  119). 

hagulatimi  of  Milk. — The  clotting  of  caeeinogen  is  seen  when  the 
ic  ferment  renoin,  or  when  similar  ferments  from  the  pancreas  or 
juice  are  added  to  milk;  it  will  take  place  when  the  milk  la 
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neutral  or  alkaline.  By  the  clotting,  caaeinogen  is  converted  i 
coagulated  proteid,  casein^  and  a  proteid  residue  called  whej-pr 
Casein  carries  down  with  it  the  fat,  and  the  two  materials  form  c. 
As  in  the  case  of  blood,  coagulation  cannot  occur  except  in  the  pn 
of  calcium  salts.  When  caseinogen  is  acted  on  by  rennin,  it  is  Bpl 
hydrolytic  cleavage  into  two  parts,  paracasein  and  whey -proteid. 
casein  combines  with  the  calcium  salts  to  form  the  insoluble  com[ 
casein ;  the  whey-proteid  remains  behind  in  solution  in  the  wbej. 
reference  to  the  coagulation  of  the  blood,  the  similarity  of  the  two 
esses  will  be  seen.  Caseinogen  is  also  precipitated  from  milk  i 
presence  of  an  excess  of  acid.  When  milk  curdles  after  **  souring/ 
due  to  the  formation  of  lactic  acid  from  the  milk-sugar  by  n 
organisms. 

Lact-albumin  differs  in  some  of  its  reactions  from  Bemm-albaxni 
115);  it  coagulates  when  milk  is  boiled,  but  this  scum  is  also  parti; 
to  the  drying  up  of  the  caseinogen  on  the  surface  of  the  milk. 

Lactaglobuliny  another  proteid  of  milk,  is  similar  to  the  paraglo 
of  the  blood. 

(3.)  Fats, — The  fats  of  milk  are  those  usually  found  in  animi 
sues,  viz.,  olein,  stearin,  and  palmatin  (p.  128).  There  are  also  o^ 
especially  tliat  of  butyric  acid  in  couibiuation  with  glycerin.  Le< 
and  cliolesterin  and  a  lipochrome  may  also  be  present.  The  fat^ 
up  into  minute  particles,  which  are  lighter  than  the  remainder  ( 
constituents,  rises  to  the  surface  when  tlie  milk  stands,  forming  c 
and  cream,  when  its  fatty  molecules  have  run  together,  forms  butt 

(4.)  Lactose, — This  sugar,  the  reactions  of  which  are  mentioi 
p.  130,  is  apt  to  undergo  lactic-acid  fermentation  if  the  milk  be  e: 
to  the  air,  from  the  action  of  the  organized  ferment,  the  bact 
lactis.  When  this  occurs  milk  becomes  sour  and  the  caseiuo| 
thrown  down. 

(5.)  Salts, — The  chief  salt  of  milk  is  calcium  phosphate.  W 
its  presence  caseinogen  cannot  form  casein.  The  gases  are  < 
dioxide  and  nitrogen. 

Salts  in  Woman's  Milk  (Rotch). 
Calcium  phosphate 28.87 


Calcium  silicate 
Calcium  sulphate   . 
Calcium  carbonate 
Magnesium  carbonate    . 
Pota'^sium  carbonate  . 
Potassium  sulphate 
Potassium  chloride 
Sodium  chloride     . 
Iron  oxide  and  alumina 


1.27 

2.25 

2.85 

8.77 

2347 

8.33 

12.05 

21.77 

0.87 

100.00 
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The  Ductless  Glands 

AND  Ikternal  Secretions. 

The  discovery  of  the  remarkable  and  BOTnetimea  fatal  effects  of  the 
I0¥al  of  certain  of  the  diictless  glnnils  lias  given  a  marked  impetns  to 
1  stud  J  of  these  organs,  so  that  at  the  present  time  they  occupy  a  place 
importaDce  iu  physiology  formerly  unthought  of*  The  converse  ef- 
^  of  removing  certain  of  these  glanda  and  of  injectiona  of  extracts 
gneons  and  others)  of  them  into  healthy  aniraala  or  those  operated  upon, 
tve  led  to  the  belief  that  they  elaborate  in  the  course  of  their  metabolic 
iTity  some  substance  or  suhstances  which  are  of  oae  to  the  body, 
ice  the  parenchyma  cells  of  these  glanda  belong  raorphologicaUy  to 
aecretory  type,  and  since  active  const itnenta  may  be  extracted  from 
glands,  it  is  assumed  that  they  produce  a  secretion.  But  this  secre- 
m^  whatever  its  quantity  may  be,  passes  either  into  the  blood  stream 
r^ctly  (supra-renal)  or  indirectly  by  way  of  the  lymphatics  (thyroid), 
IteaJ  of  discharging  through  a  duct  upon  a  free  surface,  as  in  the 
I  of  the  salivary  glands  and  others.  Hence  the  term  iniernal  secretion 
come  into  popular  use  by  way  of  distinction. 

It  must  be  borne  in  mind,  however,  that  both  anabolic  and  kafcaholio 
oducts  are  formed  by  all  tissues  and  are  absorbed  to  a  greater  or  less 
i  into  the  circulation*  But  the  term  internal  secretion  does  not 
fly  to  these.  It  is  confined  to  such  products  as  are  formed  by  organs 
I  distinctly  glandular  type. 

The  glands  which  are  known  certainly  to  form  internal  secretions  are 
thyroid,  the  supra- renal  capsules,  the  pancreas,  and  possibly  the  pitu- 
irybody*  Howell  hus  called  attention  to  the  fact  that  to  be  consistent 
glycogen  formed  by  the  liver  from  dextrose  (and  proteid)  should  be 
ifded  as  an  internal  secretion.  Thus  the  liver  forms  both  an  internal 
t  external  secretion,  as  iu  the  case  of  the  pancreas. 
The  spleen  has  been  included  in  this  chapter  for  convenience.  It 
not  been  proved  to  form  an  internal  secretion. 

The  Thyroid. — Tlie  thyroid  gland  is  situated  in  the  neck.  It  con- 
I  of  two  lobes,  one  on  each  side  of  the  trachea,  extending  upward  to 
thyroid  cartilage,  covering  its  inferior  cornu  and  part  of  its  body; 
le  lobes  are  connected  across  the  middle  line  by  a  middle  lobe  or 
HDDS.  The  thyroid  is  covered  by  the  nnisclea  of  the  neck.  It  is 
Jily  Tascnlar,  and  varies  in  size  iu  ditlerent  individoals. 
Siructures, — The  glaui]  is  encased  in  a  thiu  transparent  layer  of  dense 
lar  tissue,  free  from  fat,  containing  elastic  libres.  This  capsule  sends 
itrong  fibrous  trabecuhe,  wliich  inclose  the  thyroid  t^mt/e^— which  are 
nded  or  oblong  irregular  sacs,  consisting  of  a  wall  of  thin  hyaline 
mbrane  lined  by  a  single  layer  of  short  cylindrical  or  cubical  cells* 


TiK.  220.— F&rt  of  a  eectloQ  of  thn  buman  ttajrold    a,  FlbrouB  oojisiile :  b,  thjroid  i 
with,  f,  colloid  Rub*itftiicc:  r.  j»upiK>rtlii*r  flbmus  tlKsue:  d,  short colmnnar cells  liaiafTT 
iUt*»rJpK;  J/,  viMns  tWlisi  vrilli  bloiMi;  A.  Ivinplmtle  vessel  filled  with  colloia  liiihstAZK^,     X  ( 
AletK*k.  > 

In  tlio  Tedcles  there  are  in  addition  to  the  yellowish  gIftSBycol 
materia^  epithelmra  cclls>  colorless  blood -corpuscleSi  and  also  coh 
corpuscles  iiodGrgoiiig  disintegration. 

Accessory  Tht/roids. — These  are  small  bodies  poesessing  the  stroo" 
of  the  thyroid  and  apparently  performing  the  same  function.  Thej 
found  in  the  neck  and  in  the  mediastinum  as  far  as  the  heart.  The 
cesatiry  thyroids  undergo  hypertrophy  when  the  thyroid  has  been  remo' 

Parathyroids.— In  addition  to  the  accessory  thyroids,  parathyf 
are  found  in  the  neck,  lying  behind  or  to  the  side  of  the  thyroid 
even  within  its  substance  (in  the  rat).  They  are  small  bodies,  diflei 
from  thelhpoid  in  structure  in  that  they  consist  of  solid  columi! 
cells,  not  of  acini;  yet  they  seem  capable  of  performing  the  functio 
the  thyroid  when  that  body  is  Temoved,  They  frequently  eiial 
pairs,  but  there  may  be  more  than  two»  lying  along  the  carotid  in 
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pan  of  the  thyroid.  The  parathyroids  are  thought,  by  Bome,  to  be 
atare  thyroids.  By  others,  tliey  are  coosidered  to  have  a  separate 
ction,  distinct  from  that  of  the  thyroids.  Aecordiiig  to  Gley,  re- 
'al  of  the  thyroid  body  will  not,  of  itaelf,  result  fatally,  proviuing 
t  one  or  all  of  the  parathyroids  remain;  while  removal  of  the  para- 
noids, even  though  the  tliyroids  are  undisturbed,  is  followed  rapidly 
'  death. 

FunHioiis  of  the  77if/roi(L—The  colloid  material  which  is  formed 
thin  the  thyroid  vesides,  and  is  believed  to  be  their  secretion,  finally 
pturea  through  their  walls  iuto  the  lymph  channels  and  thus  gains  en- 
|Bce  to  the  circnlatioo.  The  seeretion  of  the  thjroid  falls  into  the 
laa  known  as  internal  secretiona,  and  exerts  a  profound  influence  upon 
B  metabolic  processes  of  the  body,  probably  through  the  agency  of  the 
btral  nervous  system.  Complete  extirpation  of  the  thyroid,  at  least  in 
tee  animals,  produces  death,  preceded  by  a  group  of  characteristi'3 
taiptoma*  In  man  and  the  monkey,  the  symptoms  after  removal  con  ' 
I  slowly  and  resemble  the  disease  known  in  man  as  mifx(rdema. 
Thia  disease  is  known  definitely  to  be  due  to  disease  of  the  thyroid^ 
Teby  itB  function  is  interfered  with.  Moreover^  if  a  piece  of  thyroid 
ttifficient  size  be  grafted  into  an  animal  from  which  the  glands  have 
removed  J  and  the  graft  takes,  the  symptoms  of  thyroid  removal  are 
ined  in  intensity  or  disappear  altogether.  And,  likewise,  thyroid 
ing  or  the  administration  of  thyroid  extracts  relieves  the  symptoms 
the  disease  myxtfidema. 

The  above  facta  show  that  the  thyroid  gland  must  perform  some  im- 

tant  function  in  the  animal  economy,  and  it  is  believed  that  this  is 

implished  by  virtue  of  its  internal  secretioHp     The  colloid  material 

gland  Jias  been  submitted  to  much  chemical  study,  and  a  substance 

iodoihyrin  has  been  isolated  as  its  active  principle,     Baumanuand 

ts  state  that  iodothyrin  exiists  in  i\m  gland  in  combination  with  pro- 

ixKiies.     Iodothyrin  relieves^ the  symptoms  of  thyroid  removal  much 

e  same  extent  as  thyroid  feeding.     It  is  a  very  resistant  substance, 

is  not  injured  by  the  action  of  the  gastric  jiiico  or  by  boiling  with 

per  cent  sulphuric  acid  for  a  long  time. 

The  Supra-renal  Capsules  or  Adrenals.— These  are  two  flat- 
led,  more  or  leds  triauguhir  or  cocked*hat  shaped  bodies,  reatiog  by 

lower  border  upon  the  upper  border  of  the  kidneys* 
Structure, — The  gland  is  surrounded  by  an  outer  sheath  of  connective 
le,  which  sometimes  consists  of  two  layers,  sending  in  exceedingly 
prolongations  forming  the  framework  of  the  gland.  The  gland 
le  proper  consists  of  an  outside  firmer  cortical  portion,  and  an  inside 
dark  medullary  portion. 

The  finer  strnctore  of  the  supra-renal  capsules  is  incompletely  known. 
(L)  The  cortical  portion  is  divided  into  (fig.  230)  an  external  narrow 
r  of  small  rounded  or  oval  spaces,  tlie  zona  glomeruhm^  made  by  the 
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fibrous  trflbecnlse,  coo  tain  ing  polyhedral  cells  (J).     The  second  Uyef  i 
cells  18  arranged  in  colnmos  radiating  from  the  medQUa,  the  xomfm 
ulata   (c)^  and  separated  from  each  other  by  fibrona  septa.    Thei 
layer^  that  ue.^t  ibe  niedullai  is  called   from  its  arrangement  the  j 
reticularis  (not  shown  in  fig.  230).     The  individoal  cella  are  pohbednl 
in  shape,  each  possessing  a  well-defined  nueletis.     In  man,tbe  proto*! 
plasm  of  the  cells  is  especially  rich  in  fat  globules,  and  oftentimes  i 
taina  In  addition  larger  or  smaller  granules  of  a  yellowigh  pigment 
blood* vessels  are  confined  to  the  septa,  and  do  not  penetrate  into  tbei 
gronps. 


-'-'^iiK-i 


Ff  fir,  £J0.— Vert  leal  sect  loo  tbnmgti  part  of  tlie  oortlc&l  portion  of  mpra-renA]  et  t 
a.  Capsule;  b  ama  Klomerulosft;  c,  sonm  f aacicu1iB.t* ;  «l,  connectire  tissue supportioff  II 
of  tbe  cellg  of  tbv>  latter,  aacJ  aUo  indlcfttitkg  tbe  poalUocta  of  tJie  blooil -vessels,    x    C^^  K.  j 

(3.)  The  medullary  substance  eonaists  of  a  coarse  rounded  or  irre 
mesh  work  of  Obrous  tissue,  in  the  alveoli  of  which  are  massea  of 
nucleated  jirotoplaam  (fig*  231);  numerous  blood-vessels;  and  an 
dance  of  nervous  elements.  The  cells  are  very  irregular  in  sbapel 
fiize^  pour  in  fat,  and  occasionally  branched;  the  nerves  run  through  1 
cortical  substance,  and  anastomose  over  the  mednllury  portion, 

Kerves. — The  adrenals  are  very  abundantly  supplied  with  uq 
chiefly  coniposed  of  niedullated  fibres.     Tliese  fibres  are  derived 
the  solar  and  renal  plexuses,  vagi  and  phrenics.     Kerve-cells  are  3 
numerous  in  connection  with  these  fibres*     The  fibres  enter  the  hiln 
the  gland,  but  the  method  of  their  termination  is  unknown. 

Composition. — In  addition  to  the  ordinary  extractives,  benzoic  ac" 
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oric  acid,  and  taiirin  have  been  founcl,  and  also  inosite,  as  well  as  a 
liar  pigmentary  substance,  soluble  in  water,  beconiiog  red  on  ex- 
re  to  light,  and  giving  with  ferric  chloride  a  green  or  blue  color, 
lochromogen  has  been  found  by  McMunn*  TCeurin^  apparently 
the  nervous  elements,  has  also  been  shown. 

"uturthn, — Though  formerly  unknown,  a  vast  amount  of  light  has 
thrown  upon  tho  function  of  the  supra-renal  capsules  within  the  last 
feara  by  the  researches  of  Schafer  and  Oliver,  Zjboulski,  Abel,  and 
«.  Brown-S^<|oard,  it  is  true,  showed  by  experiment  as  early  as 
that  removal  of  the  supra-renal  capsules  is  followed  by  the  death  of 
nimal,  but  his  experiments  were  repeated  by  others  who  did  not 
n  the  same  results;  and  it  was  concluded  that  tho  supra-renal  cap- 
bad  no  function,  or  at  least  that  their  function  was  not  known* 
li  was  preceded  in  the  case  of  Brown-S^quard 'a  animals  by  symptoms 


culaU 


ion  throu(?h  a  portfrm  of  the  mt-d u Oar j  part  of  the  supra- r^oftl  of  ^lueA-pig". 

-ery  nmnerouji,  ami  the  fibrous  Rtroma  more  dlBtmct  tnmi  in  th^  cortex,  mid  1» 

culated.    The  ceUs  are  Irreffular  and  larger,  clean,  and  free  from  oil  globulin.     X 


iFbat  analogous  to  those  of  the  disease  of  man  known  as  Addison 'a 
IB.  The  failures  to  produce  symptoms  after  attempted  removal  of 
laBda  have  probably  resulted  from  iucon)i>lete  removal  or  the  pres- 
of  acceaaory  bodies.  Accessory  eiipra-renal  capsules  are  commonly 
nt  in  some  animals  and  are  sometimes  found  in  man.  Further,  if 
land  13  removed,  tlio  other  hypertrophies.  Tho  experiments  of  all 
i  observers  confirm  the  original  experiments  of  Browo-Sequard, 
presence  of  the  supra-renal  ca])8ules  is  Cisgentiai  to  life.  Thus  the 
»renal  capsules  are  proved  to  have  a  very  important  function,  and 
perform  this  function  through  the  agency  of  an  internal  Mcrdion. 
tbAfer  and  Oliver  found  that  iujectiona  of  euprrt-renal  extract  pro- 
iarked  cfTecta  upon  the  niuacular  hiyer  of  *ue  arteries,  the  mus- 
je  of  the  heart,  and  the  skeletal  muscles.     The  muscular  layer 
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of  the  arteries  is  markedly  contracted,  causing  a  rise  of  blood-preamm 
When  the  heart  is  freed  from  nervous  control  its  oontractions  are  ifr 
creased  both  iu  force  and  frequency,  still  further  raising  blood-presnui 
The  contraction  of  the  skeletal  muscles  in  response  to  a  single  stimolM 
is  much  prolonged. 

Very  small  doses  of  supra-renal  extract  are  sufficient  to  prodnoi 
marked  effects.  Thus  Schufer  states  that  less  than  Trfor  gramme  {^ 
grain)  of  the  desiccated  gland  is  sufficient  to  produce  an  effect  upon  tin 
heart  and  arteries  of  an  adult  man. 

It  is  a  curious  fact  that  only  extracts  of  the  medullary  portion  of 
gland  are  active.     It  has  been  further  shown,  by  Christian!  and  ol 
that  if  only  small  portions  of  the  medulla  remain,  the  animal  oj 
upon   survives;   while   if  all   medullary  substance  be   removed, 
though  large  portions  of  the  cortex  remain,  the  animal  invariably  difl 

Abel  has  succeeded  in  separating  the  blood-pressure-raising  confltitii 
ent  of  the  extract,  and  calls  it  epineplirin.  By  nature  it  is  related  I 
the  alkaloid  group. 

Destruction  of  the  supra-renal  capsules  through  disease  in  mann 
suits  in  the  production  of  a  group  of  symptoms  known  as  Addison's 
ease.  Tho  administration  of  supra-renal  extract  to  these  cases  sometitf 
results  beneficially,  but  not  so  r.niformly  as  thyroid  feeding  does  innq] 
OHleina. 

On  tho  whole,  the  assumption  that  the  supra-renal  capsules  prodi 
an  internal  secretion,  which  is  essential  to  life,  is  warranted. 

The  Pituitary  Body. — This  body  is  a  small  reddish-gray 
o< ciipyini,'  iho  sella  turcica  of  the  sphenoid  bone. 

Nrnrturc. — It  consists  of  two  loljes — a  small  posterior  one,  coi 
in<^  (»f  nurvoii.^  tissue;  an  anterior  larger  one,  resembling  the  thyroid 
structure.      A  canal  lined   with  llattened  or  with  ciliated  cpithdiw 
jjasses  tlirongli  the  anterior  lobe;    it  is  connected  with   the  infundS 
uluni.      ^riie  gland    sjiaces  are   oval,   nearly  round    at    the  periphei 
spherical  toward  tho  centre  of  the  organ;  they  are  filled  with  nucleit 
cells  of  various  sizes  and  sha})es  not  unlike  ganglion  cells,  collected 
gether  into  rounded  masses,  filling  the  vesicles,  and  contained  inasei 
fluid  granular  substance.     The  vesicles  are  inclosed  by  connective  tis 
rich  in  ca])illaries. 

Fiinriioit. — Tho  function  of  the  pituitary  body  has  not  yet  been 
tablislied.  Some  observers  have  found  that  its  removal  causes  deat 
preceded  by  symptoms  resembling  those  of  thyroid  removal.  Ileuoe 
has  been  supposed  that  tho  pituitary  body  has  a  function  identical  wi 
or  analogous  to  that  of  the  thyroid.  On  the  other  hand,  tumors 
other  disease  of  tho  pituitary  body  have  been  found  after  death  in 
ciatiou  with  a  disease  known  as  acromegaly,  in  which  the  bones  and 
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rtsnDdergo  great  hypertrophy.  Id  this  connection  it  must  be  rernem- 
red  that  the  two  lobed  of  the  pituitary  body  are  morphologically  and 
ibryologically  distinct. 

Internal  Secretion  of  the  Pancreas. 

Minkowski  and  von  Muring  have  shown  that  total  extirpation  of  the 
Hcreaa  is  followed  in  all  cases  in  the  course  of  a  few  hours  by  the  ap- 
irance  of  giigar  in  the  nrinc.  The  amount  of  sugar  which  appears  is 
Widerahle— froni  5-10  per  cent.  This  experimental  disease  (diabetes 
^litns)  is  accompanied  by  an  increase  in  the  quantity  of  urine  and  by 
lormal  thirst  and  appetite,  and  proves  fatal  in  15  days  or  less.  TJiese 
nits  are  obtained  only  when  the  entire  gland  or  more  than  nine-tenths 
it  have  been  removed.  If  one-tenth  of  the  gland  be  left  behind, 
jnr  appears  in  the  nrine  when  carbohydrates  are  eaten,  but  not  other- 
^or  is  it  necessary  that  the  remaining  portion  of  the  gland  be  in 
Dormal  situation.  Snccessfnl  grafts  inukr  the  skin  of  the  abdomen 
elsewhere  will  prevent  the  appearance  of  sugar  in  the  urine  and  the 
«r  symptoms.  If,  however,  the  graft  be  subsequently  lemoved,  the 
in  the  urine  and  tlio  other  eymptoms  reappear,  and  the  experi- 
disea.^e  proceeds  to  a  rapidly  fatal  issue. 
[Tbo  symptoms  produced  by  total  extirpation  of  the  pancreas  do  not 
d  upon  the  loss  of  the  piiDcreatic  Juice  proper  to  the  organism, 
secretion  may  be  diverted  from  the  intestine  through  a  pancreatic 
la  without  the  production  of  diabetes.  Moreover,  Il^don  and  Thiro- 
have  rendered  the  acini  of  the  gland  functionally  inactive,  and  nl- 
lely  destroyed  them,  by  the  injection  of  paraffin  or  other  gubstaiices 
the  duct  of  Wirsung,  without  the  supervention  of  diabetes.  These 
ents  have  led  to  the  conviction  that  the  little  groups  of  epithelial- 
koellB  situated  in  theconnective-tissoe  stroma  of  the  pancreas  (islands 
^erhans)  secrete  something  which  is  absorbed  into  the  circulation 
ooDstitutes  its  bdenial  secretion,  Lepine  and  Bonlud  have  recently 
leted  from  the  urine  of  patients  suffering  from  diabetes  or  pneornonia 
stall ine  substance  which  produces  glycosuria  when  injected  under 
in  or  into  the  jugular  vein  of  animals.  This  substance  loses  its 
T  if  passed  in  the  blood  through  the  vessels  of  a  living  pancreaa, 
coDclude,  therefore,  that  the  pancreas,  possibly  through  its  internal 
CD,  has  an  antitoxic  function  and  favors  glycolysis  in  the  tissues 
roying  the  substance  which  inhibits  the  conversion  of  glucose  into 
;en  or  fat. 

Internal  Secretion  of  the  Liver. 

rTbis  subject  will  be  considered  at  length  when  wo  come  to  study  the 

ation  of  glycogen  (i?ee  p*  449), 
I  The  Spleen  is  the  largest  of  these  so-called  Tascular  glands;  it  is 
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situftted  to  the  left  of  the  stomach,  hetween  it  and  the  diaphragia.   &J 
if  of  a  deep  red  color,  of  a  variable  shape,  generally  OTal^  eomewfa 
concavo*convex.     Veflaeli  enter  and  leaTe  the  gland  at  the  iiiDer6]deor| 

hilus. 

Structure, — The  epleen  is  coTered  externally  almost  completely  Ijfi 
aerona  coat  deriTed  from  the  peritoneum,  while  within  this  is  the] 
fibrons  coat  or  capsule  of  the  organ.     The  latter,  composed  of  codds 
tissue,  with  a  large  preponderance  of  elastic  fibres,  and  a  certaio 
tioD  of  nnatriated  muscular  tissue,  forms  the  immediate  investment! 
the  spleen.     Prolonged  from  iia  inner  surface  are  fibrous  proceesen 
traiecuks^  containing  much  nn striated  muscle,  which  enter  the  iuteriarl 
of  the  orgaUt  *^^^f  dividing  and  anastomosing  in  all  parts,  form  aljiDif 
of  supporting  framework  or  stroma^   in  the   interstices  of  which  thtl 
proper  substance  of  the  epleen  (spken-jmlj))  is  contained  (fig.  233).  All 
the  hilua  of  the  epleen,  the  blood-vessels,  nerves,  and  lymphatics  enli 
and  the  fibrous  coat  is  prolonged  into  the  epleen-substance  in  tbefoi 


Tig.  aas.— Section  of  Injected  dofr'i  »ple«n;  c,  capvult^r  1r,  tmbeculs;  m,  1 
bodie*  with  numt^rnuR  RitmLI  mrcerfes  and  cApillAries ;  n,  ari^ry  ;  1«  lymphoid  tismu 

elOMfJy-piicked  l>'nn»huiii  erlls  support«<d  by  venr debcaUs  retifurm  tieeue  ;  a  ligbt space  i. 

bv  (Will  Is  seen  all  round  the  timbeculs,  mhksa  oorrespcmdM  to  the  "^  lymph  patE**  la  Ij^ 
^koda.    CBchofl«ld,> 


of  investing  sheaths  for  the  arteries  and  veins,  which  aheaths  again 

continuous  with  the  trabeculi\?  before  referred  to. 
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Mall  has  recently  described  the  spleen  as  consisting  of  lobules, 
pmed  bv  the  trabecula?  and  contained  masses  of  spleen -pulp. 

The  sphen-pitlp^  which  is  of  a  dark  red  or  reddish -brown  color,  is 
HDpoged  chiefly  of  cells,  ini bedded  in  a  matrix  of  fibres  formed  of  the 

kticbiug  of  large  flattened  nucleated  endothelioid  cells*  The  epaces  of 
i  Betwork  only  partially  occupied  by  cells  forni  a  freely  cotnmunicat- 
g  system .     Of  the  cells  some  are  granular  corpuscles  resembling  the 

ph -corpuscles,  more  or  less  coouected  with  the  cells  of  themeshwork, 
in   general   appearance  and  iu  being  able  to  perform   amceboid 


V%,  233i.-^Betlculma  of  th«  ipleen  of  &  cat,  sbown  hj  Injectloa  with  gelatUie,    CCadUt,  > 


ement£;    others  are  red  blood-corpuscles  of  normal  appearance  or 
on  sly  changed;  while  there  are  also  large  cells  containiog  either  a 
ent  allied  to  the  coloring  matter  of  the  blood,  or  rounded  corpuscles 
^  red  corpuscles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  Burface, 
ridea  and  subdivides,  with  but  little  anastomosis  between  its  branches; 
the  same  time  its  branches  are  sheathed  by  the  prolongations  of  the 
Joua  coat,  whicb  they,  so  to  speak,  carry  into  the  spleen  with  them. 
arteries  then  pasa  into  the  spleen -pulp,  their  fibrons  coat  being  re- 
loed  by  lymphoid  tissue,  and  end  iu  capillaries,  which  communi* 
B  with  the  lacunar  spaces  in  the  gpleeu-pulp,  from  which  veins  arise. 
The  walla  of  the  smaller  veins  are  more  or  less  incomplete,  and  read- 
allow  lymphoid  corpuscles  to  be  swept  into  the  blood-correut.  The 
)qA  frona  the  arterial  capillaries  is  emptied  into  a  system  of  interme- 
ite  passages,  which  are  directly  bounded  by  the  cells  and  fibres  of  the 
Iwork  of  the  pulp,  and  from  which  the  smallest  venons  radicles  with 
Rir  cribriform  walls  take  origin.  The  veins  are  large  and  distensible: 
whole  tissue  of  the  spleen  is  highly  vascular  and  becomes  readily 
[orged  with  blood:  the  amount  of  distention  is,  however,  limited  by 
fibrous  and  muscular  tissue  of  its  capsule  and  trabecular,  which  forms 
investment  and  snpport  for  the  pulpy  mass  within* 
On  the  face  of  a  section  of  the  spleen  can  bensually  Been  readily  with 
naked  eye,  minute,  scattered  rounded  or  oval  whitish  spots,  mostly 
Q  ^  to  iV  ^^^^^  (f  ^^  \  mm.)  in  diameter-     These  are  the  Malpt* 


as4 


HANDBOOK   OF   PHY8I0iX)CY* 


ghian  corpuschs  of  the  spleen,  aud  are  situated  on  the  ebeathsofi 
tniuute  splenic  arteries,  of  ^vhich,  indeed,  they  may  be  said  to  be 


growths  (tig. 


For  while  the  sheaths  of  the  larger  arteries  arti 


Btructed  of  ordinary  connective  tissue,  this  has  become  modified' 
it  foniia  an  investment  for  the  smaller  Tessels,  so  as  to  be  camj 
adenoid  tissue,  with  abundance  of  corpuscles,    like  lympb-corpus 
contuiued  in  its  meshes,  and    the  Malpighiau  corpuscles  are  buti 
outgrowths  of  this  cyfof/enous  or  cell-bearing  connective  tissue, 
are  composed  of  cylindrical  masses  of  corpuscles,  intersected  in  all 
by  a  <ielicato  fibrillar  tissue,  which,  though  it  invests  the  Malp 
bodies,  doea  not  form  a  complete  captsule.     Blood -capillaries  travefwl 
Malpighiau  corpuscles  and  form  a  plexus  in  their  interior.     The 


*^.^'J 


•X!? 


liW--/r, 


%?S^-. 


-i 


•^^M^^fe^ 


*'   •'^■■^'^-•^.-  ^ 

Blf .  X84.— fiectioQ  of  splpen  of  cat     a.  a',  MAlpfKhlAQ  corpuselet.  In  caae  of  a\  In 
witli  tnyUl  trtery^  &;  b«  b^«  tmmll  &rt«rieB;  e,  section  of  traboeuln. 

turo  of  a  Malpighian  corpuscle  of  the  spleen  is,  therefore,  very  simUirl 
that  of  lymphatie-ghmd  siibstaoce. 

Funciion^. — With  respect  to  the  office  of  the  spleeDf  wo  have  thei 
lowing  data:  (L)  The  large  aize  wliich  it  gradually  acquires  to* 
the  termination  of  the  digestive  process,  aud  tlie  great  increase  ot 
about  this  period  in  the  amount  of  the  finely-granular  albui 
phisma  within  its  purenchynin,  and  the  subsequent  gradual  decreased 
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material,  seem  to  indicate  that  ihh  organ  is  coDoerned  in  storing  up 
e  of  the  changed  and  absorbed  proteid  food,  to  be  gradually  intro- 

into  the  blood  according  to  the  demands  of  the  general  system, 
(2.)  It  seems  probable  that  the  epleen,  like  the  lymphatic  glanda,  is 
^ged  in  the  formaiioa  of  bhod'CorpuscIes.  For  it  ia  quite  certain 
it  the  blood  of  the  splenic  vein  contains  an  nnuBually  large  amount  of 
lite  corpuscles;  and  itj  the  disease  termed  leucocythremiu,  in  which 
pale  corpuscles  of  the  blood  are  remarkably  increased  in  n  urn  her  > 
is  almost  always  found  an  hypertropbied  state  of  the  spleen  or  of 
lymphatic  glands.  In  Kfilliker's  opinion,  tbe  development  of  color- 
■  and  also  colored  corpuscles  of  the  blood  is  cue  of  the  essential  fuuc* 
Ids  of  the  spleen,  into  the  veins  of  which  the  new- formed  corpuscles 
|B^  and  are  thus  con?eyed  into  the  general  current  of  the  circulatjon, 
( 3 , )  T/te  fo  rm  at  ion  of  red  co  rp  u  scle^^.  Th  e  s  pi  e  e  n  i  s  co  n  ce  r  n  ed  i  n  the 
Rmation  of  red  corpuscles  during  fcetal  life  and  shortly  after  birth,  and 
aorao  animals  during  their  whole  existence.  For,  if  the  Bpleen  he 
boved  from  such  animals,  tho  red  marrow  undergoes  hypertrophy. 
ireover,  in  these  animals  the  cells  previously  described  as  htematohtasts 
ty  be  found  in  the  spleen. 

^  It  was  formerly  believed  that  the  spleen  exercised  the  function  of  de- 
pjiDg  red  corpuscles  that  had  lived  out  their  allotted  time.  Tho  evi- 
ice  of  this,  however,  is  not  convincing,  and  the  theory  has  been 
ictically  abandoned.  It  rested  chiefly  npoii  the  fact  that  large  nu- 
Ited  cells  were  found  in  the  spleen^  with  whole  or  partially  disin to- 
lled red  cells  in  their  interior.  But  the  phenomenon  is  probably  of 
U'tnoriem  occurrence.  When  the  circulation  ceases,  tlie  rtnl  cells 
be  to  rest,  and,  lying  alongside  these  large  cells,  are  probably  then 
sted. 

(4* )  From  the  almost  constant  presence  of  uric  acid,  in  larger  quan- 

es  than  in  other  organs,  as  well  as  of  the  nitrogenous  bodies,  xanthin, 

[>xanth]n,  and  leucin,  in  the  spleen,  some  special  nitrof/enons  mcta- 

may  be  fairly  inferred  to  occur  in  it.     One  of  the  featurce  of  the 

aical  composition  of  the  spleen  is  the  presence  of  a  special  proteid, 

nature  of  alkali-albumin^   containing  iron.     The  salts  of  the 

en  consist  chie%  of  sodium  phosphates. 

(5.)  Besides  these,  its  supposed  direct  offices,  the  spleen  is  believed  to 

1  some  purpose  in  regard  to  the  portal  circulation,  witli  which  it  is 

connection.     From  the  readiness  with  which  it  admits  of  being 

aded,  and  from  the  fact  that  it  is  generally  small  while  gastric 

un  is  going  on,  and  enlarges  when  that  act  is  concluded,  it  is  sop- 

►  act  as  a  kind  of  vascular  reservoir,  or  diverticulum  to  the  portal 

or  more  particularly  to  the  vessels  of  the  stomach.     That  it  may 

\  such  a  purpose  is  also  made  probable  by  the  enlargement  which  it 
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nndergoea  in  certain  affections  of  the  heart  and  liver,  attended  whhf 
Btniction  to  the  passage  of  blood  through  the  latter  organ,  and  bji 
diminution  when  the  congest] on  of  the  portal  svgtem   is  relieved 
discharges  from  the  bowels,  or  by  the  effusion  of  blood  into  the  ston 
Thift  mechanical  influence  on   the  circulation,  however,  can  ha 
supposed  to  be  more  tlian  a  very  subordinate  function. 

The  spleen  may  lie  removed  without  any  obvious  ill  effect. 
Influence  of  the  Kervous  Stfftteni  upon  the  Spleen, — When  the  q)l6i 
enlarged  after  digestion,  \U  enhirgement  is  probably  due  to  two  ( 
(1)  a  relaxation  of  the  muscular  tissue  which  forms  so  large  a  parti 
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FIff.  Wk  Ff^.  S9S. 

FIf.  WtL'-Tr^amfttm  lecUoDof  « locale  of  an  in^leeted  in 
of  00BiM0tlv«4iMue  nirroujidtQ^  Ums  lolMile;  6.  monibffttiie  of  t 

Ml*,  ttam  which  ih*  Iaivet  blood -ircaMla  ttr«  mma  to  t 

vkMmamf^^    ' "    *  ^ult»     x  »,    OcaUilcer.) 
Ffa|lBl*^TIv^  '**^^v»  '<<  Cortex  ot  fulUde;  li,  EnadnlU 


^  mtia  gUknd.    n 
aitX  and  nunlfy  la  I 
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its  framework ;  (2)  a  dilatation  of  the  Tea^eK  Both  these  phenomi 
aie  doubtleoi  under  control  of  the  nervous  system.  It  has  been  io 
by  experiment  that  when  the  splenic  nerves  are  cut  the  spleen  enlj 
and  that  contraction  can  be  brought  about  (1)  by  stimulation  of  j 
spiniU  corti  (or  of  the  divided  nerves);  (t)  reflexly  by  stimulation  ( 
ceutral  stuui|ia  of  certain  divided  nerves,  e,g,^  vagus  and  sciatic; 
hml  atimnlation  by  an  electric  current;  (4)  the  tjrhihiiion  ofquinimi 
mm$  i>iktr  dm^s.  It  has  bet>n  shown  by  the  oncometer  of  Boy  (fig.  31 
thai  the  apleen  undergoes  rhythmical  contractions  and  dilatations,  ( 
no  daubt  to  the  contraclioii  and  rdaxation  of  the  muscular  ti^ue  ini 
oaptale  and  trabecab^  It  idso  shows  the  rhythmical  alteration  of  1 
genaral  blood  i>reanire«  but  to  a  1«n  extent  than  the  kidney* 


The  Thymus,~ThiB  gland  must  be  looked  npoB  as  a  temponiry 
ID,  aa  it  attains  its  greatest  size  soob  after  birth,  and  after  the 
md  year  gradually  diminiahea^  until,  in  adult  life,  hardly  a  vestige 
»iD5.  At  its  greatest  development  it  is  a  long,  narrow  body,  eitnated 
be  front  of  the  chest  behind  the  sternum  and  partly  in  the  lower  part 
le  neck.  It  ia  uf  a  reddish  or  grayish  color,  distinctly  lobnlated. 
^ructure* — The  gland  is  surrounded  by  a  tibrous  capsule,  which  sends 
rocesses^  forming  trabeculse,  which  divide  the  glands  into  lobes,  and 
y  the  blood  and  lyinpb-veasels.  The  large  trabeculse  branch  into 
anes,  which  divide  the  lobes  into  lobules.     The  lobules  are  further 


Plff.2»7. 


Fig.  338. 


itn  a  horisoota]  ■ectloo  through  Huperflcl&l  part  of  the  thjmua  of  ftcalf,  slightlf 
ins  iD  liw  centre  a  follicle  of  pofyf^onal  sbape  with  similarly  shaped  folTii^les 

_        aiid  !foble8inltlL> 

— 'Tbe  reticulum  of  the  Thymua,    a.  Epithelial  elementar  b,  corpuaclM  of  HanatL 


iTided  into  follicles  by  fine  connective  tiasne.     A  follicle  (fig.  232) 

en  on  section  to  be  more  or  less  polyhedral  in  shape,  and  consists  of 

ical  and  medullary  portions^  both  of  which  are  composed  of  adenoid 

!^  but  in  the  medullary  portion  the  matrix  is  coarser,  and  is  not  so 

up  with  lymphoid  corpuscles  as  in  the  cortex.     The  adenoid  tissue 

J  cortex,  and  to  a  less  marked  extent  that  of  the  medulla,  consists 

\  two  elements,  one  with  small  meshes  formed  of  fine  fibres  with 

tene^  nodal  points,   and  the  other  enclosed  within  the  first,  eom- 

ot   branched  connect! i^e-tissue  corpuscles  (Watney).     Scattered  in 

denoid  tissue  of  the  medulla  are  the  coucentric  corpuscles  of  Ilamali^ 

I  are  protoplasmic  masses  of  Yarions  sizes,  consisting  of  a  nucleated 

lar    centre,    surronnded    by   flattened    nucleated   epithelial   cells. 

j  reticulum,  especially  of  the  medtdia,  are  large  transparent  giant 

In  the  thymus  of  the  dog  and  of  other  animals  are  to  be  found 

probably  derived  from  the  concentrio  corpuscles,  some  of  which 

ted  with  ciliated  epithelium,  and  others  with  short  columnar  cells, 

-teried  radiate  from  the  centre  of  the  gland.     Lymph  sinuses  may 

^   occasionally  surrounding  a  greater  or  smaller  portion  of  the 

lery  of  the  follicles  (Klein).     The  nerves  are  very  minute. 
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From  the  tliymns  various  substances  may  be  extracted,  maojof  tliai 
similar  to  those  obtained  from  the  spleen,  e,g.^  zanthin,  hjpoxaDthi^ 
and  leucin,  as  well  as  certain  proteids,  especially  nucleo-proteid  (foml 
in  all  protoplasm),  which  on  injection  into  the  reins  of  mn  animal ]it 
duces  intra-vascular  clotting. 

Ftniciion, — Beurd  has  recently  concluded  from  some  eiperimeDtioi 
tlie  smooth  skate  that  the  important  function  of  the  thymus  is  thefonw 
tion  of  tho  colorless  corpuscles — that  the  thymus,  in  fact,  is  the  pm 
source  from  which  all  the  colorless  corpuscles  are  derived.     The  fint 
developed  from  the  thymus  cells,  and  from  them  all  the  others  triiGi 

Scspecting  tho  thymus  gland  in  the  hybemating  animals,  in  wUd 
exists  throughou  t  life,  as  each  successive  period  of  hybernation  appi 
the  thymus  greatly  enlarges  and  becomes  laden  with  fat,  which  accami 
in  it  and  in  fat  glands  connected  with  it,  in  even  larger  proportioni 
it  docs  in  tho  ordinary  seats  of  adipose  tissue.  Hence  it  appeui 
serve  for  the  storing  up  of  materials  which,  being  re-absorbed  in  inactii 
of  the  hybemating  period,  may  maintain  the  respiration  and  the  t 
perature  of  the  body  in  the  reduced  state  to  which  they  fall  during  \ 
time.  It  is  also  believed  to  bo  a  source  of  the  red  blood-corpuscki^ 
any  rate  in  early  life. 

The  Pineal  Gland. — This  gland,  which  is  a  small  reddish  bodj^ 
placed  beneath  tlic  back  ])art  of  tho  corpus  callosum,  and  rests  upon 
corpora  quadrigeniina. 

Strucinre. — It  contains  a  central  cavity  lined  with  ciliated  epithelial 
Tlio  gland  substance  i)ropcr  is  divisible  into — (1.)  An  outer  cortifl 
layer,  analogous  in  structure  to  the  anterior  lobe  of  the  pituitary  bod 
and  ('2.)  An  inner  central  layer,  wholly  nervous.  The  cortical  li] 
consists  of  a  number  of  close  follicles,  containing  («)  cells  of  variil 
shape,  rounded,  elonpateil,  or  stellate;  (Ji)  fusiform  cells.  There  isJ 
present  a  giitty  matter  {ocrrvulus  cerebri) y  consisting  of  round  paitid 
aggregated  into  small  masses.  Tho  central  substance  consists  of 
and  gray  matter.  The  blood-vessels  are  small,  and  form  a  very  delia 
capillary  plexus. 

Tho  pineal  gland  is  a  vestigial  structure,  being  the  atrophied  tM 
eye  which  was  situated  in  the  median  line.  It  is  found  in  a  better i 
veloped  ciunlition  in  certain  lizards,  tiiough  it  is  functionless. 

The  Coccygeal  and  Carotid  Glands. — These  so-called  glandst 
situated,  tlio  one  in  fioiit  of  the  tip  of  tho  coccyx,  and  the  other  at  I 
point  i^f  hifiiroatim  oi  tlie  common  carotid  artery  on  each  side.  Tl 
are  niado  up  of  a  jloxus  i  f  small  arteries,  are  inclosed  and  supported 
a  I'apsulo  of  tibrous  tissue,  which  contains  connective-tissne  corpnw 
The  blv^od-vessi'ls  are  surrounded  by  one  or  more  layers  of  cells  1 
secreting  cells,  wl^.irli  are  said  io  \  o  modified  plasma  cells  of  the  conn 
tive  tissue.     Tlio  finu'tii>u  if  tiiese  bodies  is  unknown. 


CHAPTER  IX 

FOOD  AND  DIGESTION. 

Thb  object  of  digestion  is  to  bring  the  materials  of  the  food  into 
Dh  a  condition  that  they  may  be  taken  up  by  the  blood  and  lymphatic 
■els,  and  so  rendered  available  for  the  wants  of  the  system.  It  makes 
B  foods  soluble  and  diffusible,  and  also  converts  bodies  already  soluble 
d  diffusible  into  forms  which  can  be  utilized,  e.g.^  cane  sugar,  al- 
ODgh  soluble  and  diffusible,  cannot  be  used  by  the  body  until  it  has 
m  split  into  two  molecules  of  monosaccharide.  Very  few  of  these 
ilerials  are  fit  for  this  purpose  when  taken  into  the  body,  and  the 
ijority  would  therefore  be  to  all  intents  and  purposes  quite  useless 
iiem  digested. 

We  find,  then,  that  foods  may  be  divided  into  classes  corresponding 
laely  to  those  employed  to  describe  the  chief  substances  of  which  the 
imal  body  consists.  This  classification  may  be  recapitulated  as  fol- 
ti: — 

>RGANIC. 

I.  Foods  primarily  containing  Nitrogenous  substances,  consisting  of  Pro- 
teids,  e.g., albumen,  casein,  myosin,  gluten,  legumin  and  their  allies; 
and  Albuminoids,  e,g.,  gelatin,  elastin,  and  cbondrin. 
n.  Food  primarily  containing  Non-Nitrogenous  substances,  comprising : 
(1. )  Amyloid  or  saccharine  bodies,   chemically  known  as  carbo-hydrates ; 

€.  g. ,  starches  and  sugars. 
(3.)    Oils  and  fats. — These  substances  contain  carbon,  hydrogen,  and  oxy- 
gen, but  the  oxygen  is  less  in  amount  than  in  the  amyloids  and 
saccharine  bodies. 

^ORGANIC. 

I.    Foods  which  supply  Mineral  and  saline  matter. 
II.    Liquid  food  containing  chiefly  Water. 

lian  requires  that  the  chief  part  of  his  food  should  be  cooked.     Very 
org^anic  substances  can  be  properly  digested  without  previous  ex- 
ire  to  heat  and  to  other  manipulations  which  constitute  the  process 
>okiiig. 

Organic  nitrogenous  foods. 

. — The  Flesh  of  Animals,  e,g,,  of  the  ox  (beef,  veal),  sheep  (mutton, 
>)>  V^S  (P^^^'  bacon,  ham). 

>f  these,  beef  is  richest  in  nitrogenous  matters,  containing  about  20 
sent,    whereas  mutton  contains  about   18  per  cent,  veal  16.5,  and 
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porky  10;  beef  is  also  firmer,  more  satisfying,  and  is  supposed  to 
more  strengthening  than  mutton,  whereas  the  latter  is  more  digest] 
The  flesh  of  young  animals,  such  as  lamb  and  veal,  is  less  digestible; 
less  nutritious.  Pork  is  comparatively  indigestible,  and  contsin 
large  amount  of  fat. 

Flesh  contains: — (1)  Nitrogenous  bodies;  chiefly  myosin,  and  ou 
more  globulins;  serum-albumin,  gelatin  (from  the  interstitial  fib 
connective  tissue) ;  elastin  (from  the  elastic  tissue),  as  well  as  ibi 
globin.  (2)  Fatty  matters,  including  lecithin  and  cholesterin.  (3)  ] 
tractive  matters,  some  of  which  are  agreeable  to  the  palate,  t.g.  asnum 
and  others,  which  are  weakly  stimulating,  e.g.,  creatin,  Besidesi  tii 
are  sarcolactic  and  inositic  acids,  taurin,  zanthin,  and  others.  (4)  Si 
chiefly  of  potassium,  calcium,  and  magnesium.  (5)  Water,  the  imoi 
of  which  varies  from  15  per  cent  in  dried  bacon  to  39  in  pork,  51  to 
in  fat  beef  and  mutton,  to  72  per  cent  in  lean  beef  and  mutton,  {t 
certain  amount  of  carbo-hydrate  material  is  found  in  the  flesh  of  H 
animals,  in  the  form  of  inosite,  dextrin,  grape  sugar,  and  (in  joi 
animals)  glycogen. 

Table  of  Pebcemtaob  CtoMPOsrnoN  of  Bkef,  Mutton,   Fobs,  ard  Yu) 

(Lethebt.) 

Water.       ProtekL  Fats.        SaltL 


Beef.— Lean    . 

72 

19.3 

3.6 

6.1 

Fat, 

51 

14.8 

29.8 

4.4 

Mutton. — Lean 

72 

18.3 

4.9 

4.8 

Fat      . 

53 

12.4 

31.1 

8.5 

Veal         .        .        .        , 

63 

16.5 

15.8 

4.7 

Pork. —Fat 

39 

9.8 

48.9 

2.8 

Together  with  the  flesh  of  the  above-mentioned  animals,  that  of 
deer,  hare,  rabbity  and  birdm,  constituting  venison,  game,  and  pwl 
should  be  added  as  tiiking  part  in  the  supply  of  nitrogenous  substai 
and  also  /f.v// — salmon,  eels,  etc.,  and  shell-fish,  e,g.,  lobster,  crab,  mus 
oysters,  shrimps,  scollops,  cockles,  etc. 

Tabi^  of  Percentage  Composition  of  Poultry  and  Fish. — (Lethebt 

Water.         Proteid.  Fata.         Salts. 

Poiilto' 74  21  8.8  1.2 

(Singularly  devoid  of  fat,  and  is  therefore  generally  eaten  with  b 
or  pork.) 

Water. 
White  Fish  ....  78 
Salmon        ....  77 

Eels  (ver>'  rich  in  fat)    .        .        75 
Oysters        ....  75.7 

(7.39  consist  of  non-nitrogenous  matter  and  loss.)     (Payen.) 
Even  now  the  list  of  fleshy  foods  is  not  complete,  as  the  fle 
nearly  all  animals  has  been  occasionally  eaten,  and  we  may  pr€ 


Proteid. 

Fata. 

Salts. 

18.1 

3.9 

1. 

16.1 

5.5 

1.4 

9.9 

13.8 

1.8 

11.73 

3.42 

2.78 
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except  far  differenes  of  £aTor,  etc.,  the  aremge  composition  is 
rly  the  same  ie  every  cuee. 

&  Miik,^ — Is  intended  as  the  entire  food  of  young  animals,  and  as 

ch  contains,  when  pure,  all  the  elements  of  a  typical  diet,     (1)  Albu- 

lous  substances  in  the  form  of  caMino^en^  and  serum  or  lact-albumin. 

Fats  in  the  creiim,     (3)  Carbo-hydrates  in  the  form  of  hictoas  or  milk 

(4)  Salts,  chiefly  calcium  phosphaie;  and  (o)  Water.     From  it  we 

(a)  cheese^  which  is  the  clotted  caseinogen  or  casein  precipitated 

more  or  less  of  fat  according  as  the  cheese  is  made  of  skim  milk 

.  cheese),  of  fresh  milk  with  its  cream  (Cheddar  and  Cheshire),  or  of 

milk  plus  cream  (Stilton  and  double  Gloucester).     The  prccipi- 

eaeein  is  allowed  to  ripen,  by  which    process    some  of  the  al- 

in  is  further  split  up,  with  formation  of  fat.     (,5)  Creamy  consists  of 

\  fatty  globules  encased  in  caseinogen  and  serum-albumin,  and  which 

3g  of  low  specific  gravity  float  to  the  surface,      (r)  Butter^  or  the 

matter  deprived  of  its  proteid  envelope  by  the  process  of  churning. 

BuUerviilk^  or  the  fluid  obtained  from  cream  after  butter  has  been 

led;  very  rich  therefore  in  nitrogen,     (f)  Whey^  or  the  fluid  which 

le  after  the  precipitation  of  casein;  it  contains  sugar,  salt,  and  a 

quantity  of  albumin. 

OF  Composition  of  Milk,  BrrTER-MiLK,  Cream,  and  Cheese.— (Lethebt 

AND  Pa  YEN.) 


MUk  (Coir) 

I  Chmae,  — Skim 
%BBa6,  — Cheddar 


Ckeeae, — Neiifchafel  (Fresh), 

¥€•  Eggs* — The  yolk  and  albumen  of  eggs  are  in  the  same  relation  as 

for  the  embryos  of  oviparous  animals  that  milk  is  to  the  young  of 

imalia,  and  afford  another  example  of  the  natural   admixture  of 

)  Tarious  alimentary  principles.     The  proteids  of  eggs  are  egfj-albumin 

globulins,  of  which  the  vitelUri  of  the   yolk  is  most  important ; 

in  in  combination  with  iron  is  also  found.     In  addition  to  the 

common  fats  there  is  a  yellow  fatty  pigment,  Jnidn  (iipochrome), 

nail  quantity  of  (jrnpe  migar;  kri/hin,  ami  ckokstertu  and  inorganic 

^,  chiefly  potassium  chloride  and  phosphatec. 

Table  of  the  Percentaoe  Composition  op  Fowls'  Eggs. 


iiB  mattePB,  Fate. 

Lactose.       Salte. 

Water. 

41 

S.9 

5.2             .B 

86 

4.1 

,7 

6.4           .8 

68 

%.l 

lie.  7 

3.8          1,8 

66 

44.8 

6.3 

—           4.fl 

44 

28.4 

31.1 

—           4.5 

Non-nltro-K^oouii 
m&tt«r  ana  loss. 

86 

8. 

40.71 

36.68         .51 

86.58 

Nitrogenous  BUbiiUknces. 

Fat«. 

BoJtA. 

Water. 

20.4 



1.6 

78 

16. 

30*7 

L3 

53 
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d.  Leguminous  fruits  are  used  by  Yegetarimns,  ai  the  chief  Bonroei 
the  nitrogen  of  the  food.  Those  chiefly  used  are  peeu^  beans^  /mM 
etc.,  they  contain  a  nitrogenous  substance  called  legumin^  allied  I 
albumen.  They  contain  about  25.30  per  cent  of  this  nitrogenous  bodj 
and  twice  as  much  nitrogen  as  wheat. 

Organic  non-nitrogenous  foods. 

7.  Carbo-hydrates.— a.  Bread,  made  from  the  ground  grain  obtaiMi 
from  Tarious  so-called  cereals,  yiz.,  wheat,  rye,  maize,  barley,  rioe,  ^ 
etc.,  is  the  direct  form  in  which  the  carbo-hydrate  is  supplied  in  4 
ordinary  diet.  It  contains  starch,  dextrin,  and  a  little  sugar.  It  aki 
besides  these,  contains  gluten,  composed  of  seYenJ  Yegetable  protcidl 
and  a  small  amount  of  fat. 

Table  op  Pebcentaoe  Ck)MFOsniON  op  Bbead  avd  Floub. 

Nitrogenous  Carbo- 

matten.  hjdratoa.  Pats.  SaHi.  Wahi;   , 

Bread      ....            8.1                 51.  1.6  2.8  97 

Flour  ....              10.8                70.85  2.  1.7  15     ' 

Various  articles  of  course  besides  bread  are  made  from  flour,  «A 
sago,  macaroni,  biscuits,  etc.  There  is  dextrine  and  a  smaU  amoonii 
dextrose  in  bread,  pivrticnlarly  in  the  crust. 

b.  Vegetables,  especially  potatoes.  They  contain  starch  and  sogi 
In  cubbage,  turnips,  etc.,  the  salts  of  potassium  are  abundant. 

6*.  Fruits  contain  sugar,  and  organic  acids,  tartaric,  malic,  dtrif 
and  others. 

d.  Sugar,  chiefly  saccharose,  used  pure  or  in  Tarious  sweetmeats. 

//.  Oils  and  fats, — The  substances  supplying  the  oils  and  fats  of  i 
food  are  chiefly  butter,  bacon  and  lard  (pig's  fat),  suet  (beef  and  mutl 
fat),  and  vegetable  oils.     The3e  contain  olein,  stearin,  and 
Butter  contains  others  in  addition,  while  vegetable  oils,  as  a  role,  ( 
tain  no  stearin. 

Mineral  or  Inorganic  Foods. 

The  salts  of  the  food, — Nearly  all  the  foregoing  substances  in 
preceding  classes,  contain  a  greater  or  less  amount  of  the  salts  requi 
in  food,  but  green  vegetables  and  fruit  supply  certain  salts,  chi( 
potassium,  without  which  the  normal  health  of  the  body  cannot 
maintained. 

Sodium  chloride  is  an  essential  food;  it  is  contained  in  nearly 
solids*  but  so  much  is  required  that  it  has  also  to  be  taken  as  a  coi 
ment.  Potassium  salts  are  supplied  in  muscle,  nerve,  in  meats  geneni 
and  in  potatoes.  Calcium  salts  are  supplied  in  eggs,  blood  of  meat,  wh 
and  vegetables.     Iron  is  contained  in  haemoglobin,  in  milk,  eggs, 
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etables.  It  is  derived  in  all  €a8e8,  so  it  is  supposed,  by  orguDic 
tpoands,  into  which  it  is  built  up  during  plant  life,  or  during  the  lite 
Itber  animals  (lisematogens). 


Ultbc 


Liquid  Foods. 


Itbongh  water  is  essential  to  life,  and  from  two  to  two  and  a  half 
a  day  must  be  consumed  in  addition  to  that  taken  in  mixed  with  solid 
L,  yet  it  can  hardly  be  regarded  as  a  food.  Of  the  non-alcoholic 
lances  which  may  be  added  to  it  for  Oavoring  purposes,  such  as  tea, 
le,  co€oa,  etc,  the  last  can  alone  be  considered  to  have  a  certain 
value,  as  it  contains  fats,  albuminous  material,  and  starch,  the 
constituents  of  such  substances  being  a  volatile  oil,  an  alkaloid 
Ine,  ca Seine),  and  tannic  acid.  Regarding  the  food  value  of  alcoholic 
rtkges^  which  has  long  been  a  subject  of  controversy,  it  is  now  gene- 
agreed  that  their  food  value  is  but  slight  Beer,  wines^  and  spirits 
An  ethyl  alcohol,  the  amount  varying  from  1-2  per  cent  in  beer  to 

0  per  cent  in  spirits. 

rhe  effect  of  cooking, — In  general  terms  this  may  bo  said  to 
er  food  more  easily  digestible,  both  directly  and  indirectly,  through 
fused  palatability.  Subjecting  food  to  sufficiently  high  degrees  of 
also  serves  to  kill  parasites,  such  as  tricbiuse  and  the  various  tape- 
ns,  which  may  be  present  and  alive  in  raw  meats.  In  the  case  of 
B,  Tariona  methods  of  cooking  aro  employed,  such  as  roasting,  where 
»  in  bulk  is  subjected,  in  an  oven,  to  a  high  temperature,  at  first 
,  short  time,  and  then  to  a  somewhat  lower  temperature  until  the 
ing  is  completed.  This  causes  a  coagulation  of  the  outer  layers  of 
on  ID  so  that  the  juices  ol  the  meat  are  retained.  The  same  end  is 
Hed  in  lx)iling,  by  first  immersing  the  meat  in  boiling  water  for  a 

1  and  then  continuing  the  cooking  at  a  lower  temperature.  If  a 
\  is  to  be  made,  the  extractives  may  be  obtained  by  beating  in  water 
%  long  period  at  a  tempernttire  below  the  coagulation  point  of 
poin.  Such  a  broth  contains  the  flavoring  extracts  of  the  meat,  but 
;  only  slight  nutritive  value.  For  snmll  pieces  of  meat,  hmiling 
Ileal ly  serves  the  same  purpose  as  does  roasting  for  larger  pieces. 
Dg,  as  usually  employed,,  is  the  least  serviceable  method  of  jirepara- 

siuce  the  fat  or  other  oily  material  used  so  permeates  the  food  as  to 
Efr  it  diffii'ult  of  penetration  by  the  digestive  juices. 
ipon  vegetables,  the  cooking  produces  the  necessary  effect  of  render- 

mn  softer,  so  that  they  can  be  more  readily  broken  up  in  the  mouth; 
caases  the  stnrcb  grains  to  swell  up  and  burst,  and  so  aids  the 

;ve  fluids  in  penetrating  into  their  substance.     The  albuminous 
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matters  are  coagulated^  and  the  gumniyi  «acdiariiie  and  saline 
are  removed.     The  conversion  of  flour  into  dough  is  effected  bymizingl 
with  water,  and  adding  a  little  salt  and  a  certain  amount  of  yeast.    Ya 
consists  of  the  cells  of  an  organized  ferment  (Tonila  cerevisia)^  and  it  I 
by  the  growth  of  this  plant,  changing  by  ferment  action  the  sagar  | 
duced  from  the  starch  of  the  flour,  that  a  quantity  of  carbonic  acid  | 
and  alcohol  is  formed.     I^y  means  of  the  former  the  dough  rises, 
other  method  of  making  dough  consists  in  mixing  the  flour  with  i 
containing  a  large  quantity  of  carbonic  acid  gas  in  solution. 

By  the  action  of  heat  during  baking  (d)  the  dough  continues  toe 
pand,  and  the  gluten  being  coagulated,  the  bread  sets  as  a  per 
vesiculated  mass. 


Digestion. 

The  Enzymes,  or  unorganized  ferments,  are  the  essential 
in  digestion,  and  their  predominant  action  is  one  of  hydrolytic  dem 
that  is,  the  substance  acted  upon  takes  up  water  and  then  splits  into 
different  substances,  usually  of  the  same  class.     Their  chemical 
is  as  yet  undetermined  because  of  the  inability  of  getting  absolutely 
specimens,  but  it  is  generally  admitted  that  they  contain  nitrogen, 
they  are  usually  classed  as  proteids.     Practically  all  are  secreted  in 
glands  as  zyinogensy  which  bear  the  same  relation  to  enzymes  as  fibrirn 
does  to  iibrin ;  they  are  transformed  to  enzjTnes  by  the  proper  stimulus 
never  exist  as  such  in  the  glands.     Some  of  them  pass  into  the  urine, 
most  are  excreted  with  tlie  fieces. 

Each  enzyme  has  a  special  point  of  temperature  at  which  it  acts 
and  any  cliange  in  the  temperature  retards  its  action ;  the  action  is  \ 
pended  at  a  definite  i)oint  of  low  teniperatui-e,  but  the  enzj'me  is  not 
stroyed  by  cold ;  the  action  is  also  suspended  at  higher  temperatures, 
at  a  still  higher  point  the  enzyme  is  destroyed.  Some  enzymes  act< 
in  an  alkaline  medium,  being  destroyed  in  an  acid  medium,  and  vice 
others  act  in  either  alkaline,  neutral  or  acid  media.  Enzymes  are 
dered  in  their  action  by  the  accumulation  of  the  products  of  their  actitil 
Most  of  them  cease  acting  altogether  when  these  products  reach  a  certi 
concentration,  but  will  begin  acting  again  on  the  removal  of  these  prt 
nets  or  if  the  mixture  be  simply  diluted. 

The  quantity  of  the  enzyme  determines  the  rapidity  of  the  action! 
not  the  amount ;  a  small  quantity  will  digest  as  much  as  a  large  quanti 
but  will  take  longer.     The  enzymes  are  not  used  up  in  the  course  of 
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tivity,  as  far  as  can  be  seen,  aiid  do  not  aeem  to  undergo  Rny  change  in 
composition.  They  are  cl  as  si  tied  either  aeeording  to  the  cht*mieal 
tsue  of  their  action,  or  according  to  the  chass  of  substances  on  which 
By  act;  the  former  classification  is  mora  logical,  but  the  latter  is  more 
bTeoient  and  more  generally  used. 

The  food  is  first  of  all  received  into  the  months  and  is  subjected  to  the 
tkm  of  the  tt'cih  and  tonfjue,  lx«ing  at  the  same  time  mixed  with  the  first 
the  digestive  juicea  —the  safira.  It  is  then  swallowed,  and^  passing 
tough  tiie  pharynx  and  tpsopkafjus  into  the  stomach ^  is  subjected  to  the 
fion  of  the  f^astrw  juke — the  second  digestive  juice.  Thence  it  passes 
the  intestinrjs,  where  it  meets  with  the  hilrf  the  pancreafk  Juice^  and 
inttstinol  juiees,  al!  of  which  exercise  an  influence  upon  the  portion 
the  food  not  already  absorbed  from  the  stomach.  By  this  time  most 
the  food  is  digested,  and  the  residue  of  undigested  matt-er  leaves  the 
dy  in  the  form  i\ij)rces  by  the  external  0|>eniiig  of  the  bow  eh 
The  Mouth  is  tlie  cavit}^  contained  tietween  the  jaws  and  inclosed 
the  cheeks  laterally,  tlie  lips  anteriorly;  behind,  it  opens  into  the 
by  the  favres^  and  is  separated  from  tlie  nasal  cavity  above,  by 
palate  in  front,  and  the  soft  palate  l>ebind,  which  forms  its  roof. 
tongue  forms  the  lower  part  or  floor.  In  the  jaws  are  contained  the 
and  when  the  mouth  is  cioseil  these  form  its  anterior  boundaries. 
whole  of  the  cavity  of  the  mouth  is  lined  with  stratitied  epithelium, 
hieh  the  sujierficial  layers  are  squamous.  This  epitheHum  is  contin- 
at  the  lips  with  that  of  the  skin  anteriorly,  and  posteriorly  with 
the  pharj^nx.  The  mucous  membrane  itself,  varying  in  thickness 
OU8  parts^  and  consisting  of  a  fine  areolar  connective  tissue,  in 
h  is  found  adenoid  tissue  in  considerable  iimount,  is  provided  with 
runs  small  tubular  glands  lined  with  cohimnar  epitheliunij  and 
bli ng  in  structure  the  mucous  salivary  glands,  to  be  presently 
bed.  Into  the  Imecal  cavity  open  the  ducts  of  the  sitlivary  glands, 
are  three  in  niunber  on  either  side. 

the  mouth,  then,  the  food  is  subjected  to  the  action  of  the  teeth, 
masticated,  and  is  mixed  with  saliva.  These  processes  of  mastica- 
and  insalivation  must  be  considered  more  in  detail. 
Mastication. — The  aet  of  chewing,  or  mastication,  is  performed  by 
biting  and  grinding  movement  of  the  lower  range  of  teeth  against  the 
The  simultaneous  movements  of  the  tongue  and  cheeks  assist 
by  crushing  the  softer  portions  of  the  food  against  the  hard  palate 
ms,  and  thus  supplementing  the  action  of  the  teeth,  and  partly  by 
g  the  morsels  of  food  to  the  action  of  the  teeth,  again  and  again, 
are  squeezed  out  from  between  them,  until  they  have  been  suffi- 
\j  chewed. 
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Muscles. — The  simple  up  and  down,  or  6iVtft^  movements  of  the  Iowa 
jaw,  are  i>erf  ormed  by  the  temporal^  mcusetery  and  internal  pterygoid  mat 
clesy  the  action  of  which  in  closing  the  jaws  alternates  with  that  of  dM 
difjastric  and  other  muscles  passing  from  the  os  hyoides  t.o  the  lower  jiv, 
which  o\)e\\  them.  The  y rinding  or  side  to  side  movements  of  the  lois 
jaw  are  performed  mainly  by  the  external  pterygoid  muscles,  the  moadi 
of  one  side  acting  alternately  with  the  other.  When  both  extend 
pterygoids  act  together,  the  lower  jaw  is  pulled  directly  forward,  sotU 
the  lower  incisor  teeth  are  brought  in  front  of  the  level  of  the  upper. 

Temporo'tn axillary  Fihro-cartilage, — The  function  of  the  inter-artict- 
lo-fibro-cartilage  of  the  temporo-m axillary  joint  in  mastication  istosene:] 
— (1)  As  an  elastic  pad  to  distribute  the  pressure  caused  by  the  ezoerir 
ingly  powerful  action  of  the  masticatory  muscles.  (2)  As  a  joint-surftoij 
or  socket  for  the  condyle  of  the  lower  jaw  when  the  latter  has  been  pl^  \ 
tially  drawn  forward  out  of  the  glenoid  cavity  of  the  temporal  bone  ly 
the  external  pterygoid  muscle,  some  of  the  fibres  of  the  latter  being  at- 
tached to  its  front  surface,  and  consequently  drawing  it  forward  with  the ; 
condyle  which  moves  on  it. 

Nerrous  Merhanism, — The  act  of  mastication  is  partly  voluntary  anl^ 
partly  reHex  and  involuntary.  The  consideration  of  such  nervous  action^ 
will  come  hereafter.  It  will  suffice  here  to  state  that  the  afferent  nerrd 
chiefly  concerned  are  the  sensory  branches  of  the  fifth  and  the  tenth  « 
glosso-j)liaryngeal,  and  the  effei-ent  are  the  motor  branches  of  the  fifth  and 
the  twt'lfth  (hypoglossal)  cerebral  nerves.  The  nerve-centre  throughj 
which  the  reflex  action  occurs,  and  by  which  the  movements  of  the  yt»\ 
ous  muscles  are  harmonized,  is  situated  in  the  medulla  oblongata.  In 
far  as  mastication  is  voluntary  or  mentally  perceived,  it  is  under  the  ir 
fluonce  of  the  cerebral  hemispheres. 

Insalivation. — The  act  of  mastication  is  much  assisted  by  the  saliil 
which  is  secreted  by  the  salivary  glands  in  largely  increa.sed  amount  do! 
ing  the  process,  and  the  intimate  incorporation  of  which  with  the  foo^ 
as  it  is  being  chewed,  :.s  ti'rmed  insaliration. 

The  Salivary  Glands. 

The  glands  which  secrete  the  saliva  in  the  human  subject  are  the  a 
ivary  glamls  proper,  viz.,  the  parotid y  the  suh-maxillnryj  and  the**/Wi 
(jufil^  and  numerous  smaller  bodies  of  similar  structure,  and  with  sepi 
rat«*  ducts,  which  are  scattered  thickly  beneath  the  mucous  membrane  I 
the  lips,  cheeks,  soft  j)alate,  and  root  of  the  tongue. 

Sfnirtiire. — The  salivary  glands  are  compound  tubular  or  tubulo-r««l 
mose  ghmds.     They  are  made  up  of  lobules.     Each  lobule  consists  of  tl 
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?s  of  a  subdivision  of  the  main  duct  of  tlie  gland,  which  is  gen- 
Uklly  more  or  less  convoluted  toward  its  extrtaiiititis,  and  ^somotim6S,  a€- 
ndiiig  to  some  observers,  sacculated  or  jiouehed.  The  eouvo luted  or 
DOthed  portions  form  the  tiirrolif  ur  proper  setn-eting  parts  of  the  gland. 
Ike  alveoli  are  composed  of  a  iiasement  membrane  of  flattened  cells 
ibed  together  by  processes  to  produce  a  fenestrated  membrane,  the 
>«<;es  of  which  are  occupied  by  a  homogeneous  groond-substance.  With- 
I,  apou  this  membrane,  which  forms  the  tube,  the  nucleated  salivary 
creting  cells,  of  cubical  or  columnar  form,  are  arranged  parallel  to  one 
tother  enclosing  a  central  canaL  Tlie  granular  appearance  frequently 
►n  in  the  salivary  cells  is  due  to  the  numerous  zymogen  granules  which 
;y  contain.  When  isolated,  the  cells  not  infrequently  are  found  to  be 
Kiched.     Connecting  the  alveoli  into  lobules  is  a  considerable  amount 


k  so. — Sectf  oo  of  tub^mAzil  laiy  irl  aud  of  d  og, .    Sh  o  w  1  n  tf  g  I  aod  ceU  i,  b,  and  m  ditct,  a«  In  section. 

(Kfilliker.) 

Ibrous  connective  tissue,  which  contains  both  flattened  and  granular 

toplasmic  cells,  lymph  coqiusides,  and  in  some  cases  fat  ceils.     The 

ttles^  are  connected  to  form  larger  lobules  (lobes),  in  a  similar  manner. 

t  alveoli  pass  into  the  intralobular  ducts  by  a  narrowed  portion  (inter- 

iry),  lined  with  l^attened  epithelium  with  elongated  nuclei.     The  in- 

salajy  ducts  pass  into  the  intralobular  ducts  by  a  narrowed  neck,  lined 

b  cubical  cells  with  small  nuclei.     The  intralobular  duet  is  larger  in 

if  and  id  lined  with  large  columnar  nucleated  cells,  the  parts  of  which, 

nxd  the  lumen  of  the  tuljc,  present  a  tine  longtitudinal  striation,  due 

■^  arrangement  of  the  cell  network.     It  is  most  marked  in  the  sub- 

HUarv  gland.     The  intralohvilar  ducts  pass  into  the  larger  ducts,  and 

^  into  the  main  duet  of  the  gland.     As  these  ducts  become  larger 

acquire  an  outside  coating  of  connective  tissue,  and  later  on  some 

triped  muscular  hbres.     The  lining  of  the  larger  ducts  consist  of  one 

Hore  layers  of  columnar  epithelium,  the  cells  of  which  contain  an 

cellular  network  of  fibres  arranged  longitudinally. 


4 


aid 


EANDBOUK   OF   PHTSIOUIGY, 


Varktkit. — Certain  differences  in  the  structure  of  saliTary^ 
be  obser%^ed  according  as  the  glands  secrete  pure  saliva,  or  salii 
vnth  mucus,  or  pure  mucust  and  therefore  the  glanda  hare  been  4 

(1)  True  sctlitfary  ^lundM  (called  most  unfortunately  by  1 
glands),  e.fj.^  the  parotid  of  man  and  other  animaUt  and  the 
lary  of  the  rabbit  and  guinea-pig  (fig.  240)*     In  this  kind  the  J 
lumen  is  small,  and  the  cells  lining  the  tubule  are  short  grano 
nar  cells,  with  nuclei  presenting  the  intranuclear  network. 
the  cells  become  larger,  highly  granular,  with  obscured  nucleU 
lumen  becomes  smaller.     During  activity,  and  after  stimulat 
sympathetic,  the  cells  become  smaller  and  their  contents  mora] 
the  granules  first  of  all  disappearing  from  the  outer  pan  of  the  ( 


Fl^gr.  2^0,— From  ft  Bcctioti  throufcb  *  true  ul  i  T«ry  inland,     n,  Tht»  jtkitnl  al vpoU«  \kOft&  i 
oui  "^UkllTary  c^IIb;""  6,  Jntralobuliir  duct  cut  trau»v«?reely.     (Klein  aiwf  *'  """ 


then  being  found  only  at  the  extreme  inner  part  and  contiguo 
of  the  cell.     The  nuclei  reappear,  as  dc^es  also  the  lumen, 

(2)  In  the  true  mnfus'secrt'tlnfj  ghmh,  as  the  sublingual  of  1 
other  animals,  an*!  in  the  submaxillary  of  the  dog,  the  tubes  i 
contain  a  largtr  lumen,  and  also  have  larger  c^lls  lining  tliem. 
are  of  two  kinds,  (a)  mKcoits  or  centnd  cells,  %vhich  are  tninfl 
columnar  cells  with  irregular  or  flattened  nuclei  near  the  baseu 
brane.  The  cell  sulistanee  is  made  \\\y  of  a  fine  network,  wl 
resting  state  contains  a  transparent  substance  called  innrlge 
which  the  cell  does  not  stain  well  with  logwood  (iig,  ^41). 
gland  is  secreting,  as  well  as  on  stimulatioti  of  the  nerve,  muct^ 
verted  into  m firing  and  the  cells  swell  up,  apjiear  more  transpa 
sttiin  deeply  in  logwood  {fig.  242).  After  stimulation,  the  cells  ! 
smaller,  more  granular,  ami  more  easily  stained,  from  having  disc 
their  contents.  The  imclei  a[*pear  more  distinct,  (i)  Crescents  t 
nuzzif  sometimes  called  the  Demihmat  of  Ihldenhahi  (fig.  241), 
are  crescentic  masses  of  granular  parietal  cells  found  here  and  1 
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le  basement  meinbraxje  and  the  central  cells.  The  cella  compos- 
mass  are  small,  aiid  have  a  very  dense  reticuliuu,  the  uaclei  are 
1,  and  hiLTease  in  size  during  secretion,  lu  tlie  mncous  gkiod 
B  some  large  tubt*t^,  lined  with  large  transparent  central  cells^  and 
iesides  a  few  granular  parietal  cells  j  other  small  tubes  are  lined 
lall  grauuiar  parietal  cells  aloue ;  and  a  third  variety  are  lined 
with  each  kmd  of  celL 
In  the  mu^iO'Salivari/  or  mixed  glands ^  as  the  human  submaxillary 


Fig  s*L 


Flx.«i2. 


L^S»cMoii  of  the  BubmAxllSanr  glaod  of  a  doif,  duriDg:  rent     Host  of  the  ftlreol&r  v»M% 

Alui  clear,  belnjc  flHeil  wjth  rfie  material  fgr  s^crKmn  (Id  thin  cuaei,  muci^D)  wbicb 

leir  protoplAJini ;  Home  of  the  e-Us,  hovraver,  am  iiuaU  aad  protoplaamic,  formjnjf  the 

■Ml  m  most  of  th#  aJv#<iM.     (Ranvlir ) 

E,— Sectloo  of  a  wiMvllar  irland  after  a  p«»rlod  of  aotlTity.    Th«  mucigen  bas  b«eD  dti- 

om  the  muo1n-a«<:retlns  c«Jla,  vrhich  con»«H)uent1jr  appear  ahmnkon  and  leia  clear. 

ill*  and  (he  alveoli  ar«  much  atuaUer,  aud  the  protoplasm  of  the  etflla  ia  more  appareat. 

Vta  of  Oianuzzi  are  eDlarged.     (RaxtTier.) 

Kpt  cells;  y,  cnuuua-aiicretlDgcella;  U  lumen  of  alveolus. 


>art  of  the  gland  presents  the  structure  of  the  mucoua  gland, 
a  remainder  has  that  of  the  salivary  glands  proper. 
ea  ami  Bhmd-msseh, — Nerves  of  large  size  are  found  in  the  sali- 
Dds ;  they  are  principally  contained  in  the  connective  tissue  of 
oli,  and  in  certain  glands,  especially  in  the  dog,  are  provided 
iglia.  Some  nerves  have  special  endings  in  Pacinian  corpuscles, 
pply  the  blood-vessels,  and  others  penetrate  the  basement  mem- 

the  alveoli  and  end  upon,  but  not  in,  the  salivary  cells, 
blood- vessels  form  a  dense  capillary  network  around  the  ducta  of 
)li,  being  carried  in  by  the  fibrous  trabeculae  between  the  alveoli, 

also  Ijegin  the  lymphatics  by  lacunar  spaces. 
»o-ealled  mucous  glands  of  the  mouth  and  tongue  present  in  aome 
tructures  of  mucous,  in  others  of  serous  glands. 
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Saliva. 

SalivRy  as  it  commonly  flows  from  the  mouth,  is  the  mixed  secietiai 
of  the  salivary  glands  proj)er  and  of  the  glands  of  the  buccal  muan 
membrane  and  tongue ;  it  is  often  mixed  with  air,  which,  being  retaioed 
by  its  viscidity,  makes  it  frothy.  When  obtained  from  the  parotid  doeti^ 
and  free  from  mucus,  saliva  is  a  transparent  watery  fluid,  the  spedfie 
gravity  of  which  varies  from  1004  to  1008,  and  in  which,  when  examined 
witli  the  microscope,  are  found  floating  a  number  of  minute  partickii 
derived  from  the  seci-eting  ducts  and  vesicles  of  the  glands.  In  the  imr 
pure  or  mixed  saliva  are  found,  besides  these  particles,  numerous  epitb^ 
lial  scales  separated  from  the  surface  of  the  mucous  membrane  of  dia 
mouth  and  tongue,  and  the  so-called  salivary  corpuscles,  dischaigel 
probably  from  the  mucous  glands  of  the  mouth  and  the  tonsils,  whid^ 
when  the  saliva  is  collected  in  a  deep  vessel,  and  left  at  rest,  subnd^ 
in  the  form  of  a  white  opaque  matter,  leaving  the  supernatant  salitnf 
fluid  transparent  and  colorless,  or  with  a  pale  bluish-gray  tint.  It 
contains  various  kinds  of  micro-organisms  (bacteria).  In  reaetumy 
saliva,  when  iirst  secreted,  appears  to  be  always  alkaline:  the  alkalinitf 
is  about  equal  to  .08  or  .10  i>er  cent  of  sodium  carbonate  and  is  due  toftl 
presence  of  disodiiun  hydrogen  ]>hosphate  Na,HPO^.  During  fasting, 
saliva,  althouj^h  secretiMJ  alkaline,  shoitly  becomes  neutral;  especially 
when  it  is  stn-n'tod  slowly  and  is  allowed  to  mix  with  the  acid  mucus  rf 
the  mouth,  l»y  which  its  alkaline  reaction  is  neutralized. 

CiiKMicAL  Composition  of  Human  Saliva  (IIammerbacher). 

In  l.ono  parti. 

Watrr JI94.2 

Solids 5.8 

Mucus  and  <'pitli('livnn   ........       2.2 

Solul»I«'  oriranic  matter  (ptyalin) 1.4 

Potassium  .siilplio-cvanidc*    .  O.lU 

Salts    ...     * 2.20 

The  mucin  is  the  largest  representative  of  the  organic  nitrogem 
class  of  bodies  in  thf  saliva;  it  may  be  throw^n  down  by  addition  of  ace 
tic  acid,  if  sodium  chloride  l)o  absent.  It  gives  the  three  chief  protei 
reactions,  and  may  easily  be  split  up  by  the  action  of  a  dilute  mineral 
into  globulin  and  a  carbohydrate  whose  exact  character  has  not  yetbei 
established,  though  it  resembles  a  sugar  in  reducing  copper  sulphate  soh 
tions. 

The  presence  of  jKifasslion  sulphocyanitle  (CNKS)  in   saliva,  may 
shown  by  the  blood-red  coloration  which  the  fluid  gives  with  a  solutkl 
of  ferric  chloride  (Fe..Clj,  an<l  which  is  l>leaehed  on  the  addition 
solution  of  mercuric  chhu-ide  (llgCl..),  but  not  by  hydrochloric  acid, 


Ratfi  of  St*/-retion  and  Quant  it  i/, — Tht^  rate  at  which  saliva  is  secreted 
subject  to  coQsiderable  variatioiu  When  the  tougue  and  muscles  coa- 
wued  in  mastication  are  at  I'est,  and  tlie  nerves  of  the  mouth  ai-e  subject 
^nu  unusual  stimulus,  the  quantity  secreted  is  not  more  than  sufficient, 
rith  the  mucus,  to  keep  the  mouth  moist.  During  actual  secretion  the 
iw  is  much  accelerated. 
The  quuniity  secreted  in  twenty-four  hours  varies,  but  is  at  least  2 
Bts  (1  litre). 
Uses  of  Saliva, ^—The  purposes  served  by  saliva  are  (a)  mechanical 
(b)  chemical. 

(a),  Me4^hanicaL — (1)  It  keeps  the  moutli  iii  a  due  condition  of  mois- 
Be,  facilitating  the  movements  of  the  tongue  in  speaking,  and  the  mas- 
cation  of  food.  (2)  It  serves  also  in  dissolving  sapid  substances,  and 
ludering  them  capable  of  exciting  the  nerves  of  taste.  But  the  principal 
(Bchauical  purf»o.se  of  the  saliva  is,  (3)  that  by  mixing  with  the  food 
iring  mastication,  it  makes  it  a  soft  pulpy  mass,  such  as  may  be  easily 
iBowed.  To  this  purpose  the  saliva  is  adapted  lx)th  by  quantity  imd 
Jity.  For,  speaking  generally,  the  quantity  secreted  during  feeding 
ia  direct  proportion  to  the  dryness  and  haiduess  of  the  food.  The 
tlity  of  saliva  is  equally  adapted  to  this  end.  It  is  easy  to  see  how 
leh  more  readdy  it  mixes  with  most  kinds  of  food  than  water  alone 
;  and  the  saliva  from  the  parotid,  labial,  and  other  small  glands, 
ug  more  aqueous  than  the  rest,  is  that  which  is  chiefly  hvakhd  and 
iced  with  the  food  in  mastication;  while  the  more  viscid  mucous  secre* 
of  the  submaxillary,  palatine,  and  tonsillitic  glands  is  spread  over 
B  surface  of  the  softened  mass,  to  enable  it  to  slide  more  easily  through 
fauces  and  tesophagus. 

(b)  ChemkaL — The  chemical  action  which  the  saliva  exerts  upon  the 
^  in  the  mouth  is  to  convert  the  starchy  materials  which  it  contains  into 
Itible  starch  and  then,  paiiLially,  into  sugar.  This  power  the  saliva 
to  one  of  its  constituents,  pti/itlln,  which  is  one  of  the  enzymes,  or 
lirgaoized  ferments/  Certain  investigators  have  of  late  asserted  that 
Ira  contains  another  enzyme,  known  as  fjlucft^t'^  which  has  the  power 
splitting  the  disaccharides  into  monosaccharides,  or  maltose  into  dex- 
pe*  The  action  of  this  ferment  is  certainly  veiy  limited.  The  conver- 
h  of  the  starch  under  the  influence  of  the  ferment  into  sugar  takes 
in  several  stages,  and  in  order  to  understand  it,  a  knowledge  of  the 
HCtare  and  composition  of  stai-ch  granules  is  necessary.  A  stai-ch 
^e  consists  of  two  parts:  an  envelope  of  ef^Hif/ost*,  which  does  not 
bhie  color  with  iodine  except  on  addition  of  sulphuric  acid,  and  of 
nloMef  which  is  contained  within,  and  which  gives  a  blue  with  iodine 
Briicke  statues  that  a  third  botly  is  contained  in  the  gTanule,  which 
n?d  with  iodine,  viz.,  ^frijthro'gvmiulose.  On  boiling,  the  granu- 
swells  up,  bursts  the  envelope,  and  the  whole  granule  is  more  or  less 
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completely  converted  into  a  paste  or  gmely  which  is  called  gelatinou 
starch. 

When  pt}'alin  acts  ui>on  boiled  starch,  it  first  changes  the  latter  (bj 
hydrolysis)  into  soluble  starch,  or  amidulin;  this  is  more  limpid  audmon 
like  a  tnie  solution,  though  it  still  gives  the  blue  coloration  on  the  addi- 
tion of  iodine.  This  stage  is  very  brief,  only  thirty  seconds  being  som^ 
times  rec^uii-ed  in  laboratory  experiments,  to  render  a  stiff  starch  ptsto 
completely  fluid  when  a  few  drops  of  saliva  are  added  at  body  temper 
ature.  This  rapidity  of  action  is  of  great  importance,  as  under  props 
conditions  of  mastication  practically  all  the  boiled  starch  of  the  fboi 
ought  to  enter  the  stomach  as  soluble  starch.  When  the  starch  has  nal 
been  pi-eviously  boiled,  the  envelo|>e  of  cellulose  retards  the  action  of  M 
ptyalin  to  a  very  marked  degree. 

The  further  stages  of  hydrolytic  cleavage  result  in  the  formation  o£ 
variable  mixture  of  maltose  and  iso-maltose  with  dextrins,  but  never  it! 
suit  (in  laboratory  experiments)  in  the  complete  conversion  of  the  deci 
trins  into  sugars.  Gradually,  as  the  starch  is  converted,  the  blue  ooliff 
atiou  with  iodine  is  replaced  by  a  purplish-red  and  finally  by  a  distindi 
red  color :  the  latter  color  is  produced  by  erythro-dextrin  (so-callM 
the  color),  a  hypothetical  substance  which  has  never  been  isolated, 
the  later  stages  no  coloration  is  obtained  with  iodine,  and  for  this 
the  dextrins  formed  are  known  as  arhrod-dextriyis ;  there  are  probt^ 
severiil  of  these,  but  they  have  not  yet  been  sufficiently  isolated- 
sugar  appears  very  early  in  the  process,  even  at  the  stage  of  erythro-der; 
trin,  and  gradually  increases  in  amount,  it  is  generally  concluded  thifc 
maltose  is  formed  early  in  the  decomposition  of  the  starch  molecule: 
process  is  usually  represented  schematically  as  follows : 

Starch. 
Soluble  starch. 


Erythro-dextrin.  Maltose  and  iso-maltose. 


Achrott-dexlrins.  Maltose  and  iso-maltose. 


The  sugars  formed  are  maltose  (C,,H„0,,)  and  a  closely  allied 
known  as  iso-maltose.  A  small  percentage  of  dextrose  has  been  found  I 
some  observers,  and  this  maybe  due  to  the  action  of  glucase.  Maltose 
allied  to  saecharose  or  cane-sugar  more  nearly  than  to  glucose ;  it  is  cijl 
talline ;  its  solution  has  the  property  of  polarizing  light  to  the  right  to 
greater  degree  than  solutions  of  glucose  (3  to  1) ;  it  is  not  so  sweet, 
reduces  coj)per  sulphate  less  easily.  It  can  be  convei-ted  into  glucose] 
boiling  with  dilute  acids. 
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OT^iiig  to  Brown  and  Heron  Ihe  relictions  may  he  represented  thus? — 
lolei^ule  of  gelatinous  stArcli  [^  converted  by  ilie  action  of  an  amylolytlc  fer* 
meoi  into  n  molecules  of  siiluble  starcti. 

molecule  of  soluble  starch  =  lU  (Cj^H^oOjo)  +  8  (HjO),  which  is  further  con- 
rertiid  by  the  ferment  into 

1.  Erythro  dextrin  (giving  red  with  iodine)  -|-    Maltose. 
9(CnH,«0ie)  (Ci,H„On) 

then  into  2,    Errthro-dextHn  (giving  yellow  witk  iodine)    +    Maltose. 

«(C,JI.oOi.)  2(Ci,H„0i,) 

next  into  3.    Achro^nlextrin        +        Maltose* 

7(CxaH«Oio)  3(Cit»H»0ii) 

loon;  the  resultant  being: — 

10  (C„n,-0,»)  +  S  (H,0)  =  8  (CoH.aOii)  +  2  (CtH.^Ot,) 
Soluble  starch        Water  Maltose        Acliro5 -dextrin. 

Itny  observers,  however,  deny  that  the  maltose  simultaneously  pres- 
dth  eiythro-dextrin  is  actually  split  off  from  the  starch  molecule  in 
ormation  of  erythro- dextrin ;  they  claim  that  it  is  rather  the  product 
ore  advanced  hydrolysis  in  other  starch  molecules,  aud  point  out  that 
ch  a  chemical  reaction  of  considerable  time  duration,  it  is  improbable 
all  the  starch  molecules  are  attacked  at  the  same  rate  or  are,  at  any 
I  moment,  equally  advanced  in  cleavage.  Their  theory  is  that  a 
I  of  more  and  more  simple  dextrins  are  formed  which  give  rise  finally 
&  disaccharides, 

hit /or  Suf/ar, — In  such  an  experiment  the  presence  of  sugar  is  at 
discovered  by  the  application  of  Trommer's  test,  which  consists  in 
lidition  of  a  dr<:*p  or  two  of  a  solution  of  copper  sulphate,  followed 
Larger  quantity  of  caustic  potash.  When  the  liquid  is  boiled,  an 
e*red  precipitate  of  copper  suboxide  indicates  the  presence  of  sugar. 
he  action  of  sa Him  on  starch  w  facilitated  hy :  (a)  Moderate  heat, 
37.8^  C.  (100^  F.).  {b)  A  neutral  medium.  (<■)  Kemoval  of  the 
:ed  in&terial  fi-om  time  to  time.  Its  action  is  retarded  hy:  (a)  Cold  j 
perature  of  0^  C.  (32°  F.)  stops  it  for  a  time,  but  does  oot  destroy  it, 
►as  a  high  temperatm-e  above  60^  C.  (140*^  F.)  destroys  it,  (b)  Acids 
*ong  alkalies  either  delay  or  stop  the  action  altogether ;  the  action 
lintly  alkaline  medium  is  nearly  as  vigorous  as  in  a  neutral  medium. 
^sence  of  too  great  a  percentage  of  the  changed  material.  Ttyalin, 
,t  it  converts  starch  into  sugar,  is  an  amijlohjtk  or  diastasic  ferment, 
afch  appears  to  be  the  only  principle  of  food  upon  which  saliva  acts 
callj :  the  secretion  has  no  appai-ent  influence  on  any  of  the  other 
y  principles,  such  as  sugar,  ^,um^  cellulose,  or  on  fat,  and  seems  to 
lally  destitute  of  power  over  albuminous  and  gelatinous  substances. 
livafrom  the  parotid  is  less  viscid;  less alkalitie,  the ti rat  few  drops 
LTged  in  secretion  being  even  acid  in  reaction  \  clearer,  although  it 
lecome  cloudy  on  standing  from  the  precipitation  of  calciion  carbon- 
>jn  escape  of  carbon  dioxide ;  aud  more  watery  than  that  from  the 
kxillary.  It  has  moreover  a  less  powerful  action  on  starch.  Sub- 
1  saliva  is  the  most  viscid,  aud  contains  more  solids  than  either  of 
her  twoi  but  has  little  diastasic  action. 
~'  23 
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The  salivary  glands  of  children  do  not  become  functionally  ae 
the  age  of  4  to  6  months^  and  hence  the  bad  effect  of  feeding  then 
this  age  on  starchy  food,  corn-flour,  etc.,  which  they  are  unable  U 
soluble  and  capable  of  absorption.  The  salivas  of  the  dog,  cat,  be 
pig  are  almost  inactive,  whereas  that  of  monkeys,  rabbits,  mice,  sq 
and  guinea-pigs,  are  strongly  diastasic. 

Salivary  Digestion  in  the  Stomach, — Under  proper  eonditioDSE 
digestion  may  continue  for  some  time  after  the  food  has  entered  tli 
ach.  In  laboratory  exi)eriments  it  is  found  that  while  the  add: 
even  .05  per  cent,  of  hydrochloric  acid  will  inhibit  the  action  of  pty 
a  solution  of  starch,  if  any  proteids  be  present  in  the  solution 
more  acid  must  be  added  before  the  action  of  the  ptyalin  is  si 
The  explanation  of  the  latter  fact  is  that  the  acid  unites  with  the; 
in  some  loose  chemical  combination,  forming " combined  add"  wb 
little  effect,  comparatively,  on  ptyalin.  This '^ combined  add" 
red  color  with  litmus,  but  is  distinguished  from  free  add  by  g 
brownish  instead  of  a  bluish  color  with  Congo  red. 

When  food  enters  an  empty  stomach,  as  happens  at  the  begin 
a  meal,  the  acid  first  secreted  combines  with  the  proteid  food-sta 
so  does  not  affect  the  ptyalin.  It  usually  requires  at  least  15  to  ! 
utes  before  the  acid  is  secreted  in  sufficient  quantity  to  be  in  ex 
free  acid,  of  the  amount  which  can  combine  with  the  proteids,  and 
this  time  salivary  digestion  may  continue.  Of  course  the  action 
alin  on  food  taken  later  in  a  meal  is  promptly  stopped  when  it  reac 
stomach  because  of  the  presence  of  free  acid. 

The  Nervous  Mechanism  of  the  Secretion  of  Saliv 

The  secretion  of  saliva  is  under  the  control  of  the  nervous  syst( 
is  a  reflex  action.  Under  ordinary  conditions  it  is  excited  by  the 
lation  of  the  j)eripheral  branches  of  two  nerves,  viz.,  the  gvsta 
Ungual  branch  of  the  inferior  maxillary  division  of  the  fifth  ner 
the  glosso-pharyngeal  part  of  the  eightli  pair  of  nerves,  which  are 
uted  to  the  mucous  membrane  of  the  tongue  and  pharynx  con; 
The  stimulation  occurs  on  the  introduction  of  sapid  substances  i 
mouth,  and  the  secretion  is  brouglit  about  in  the  following  way: 
the  terminations  of  the  above-mentioned  sensory  nerves  distributee 
mucous  membrane  an  impression  is  conveyed  upward  (afferent' 
special  nerve  centre  situated  in  the  meduUa-oblongata  which  c 
the  process,  and  by  it  is  reflected  to  certain  nerves  supplied 
salivary  glands,  which  will  be  i)resently  indicated.  In  other 
the  centre,  stimulated  to  action  by  the  sensory  impressions 
to  it,  sends  out  impulses  along  efferent  or  secretory  nerves  si 
to  the  salivary  glands,  which  cause  the  saliva  to  be  secreted  by  a 
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from  the  gland  cells.  Other  stiumli,  however,  besides  that  of 
i  food,  and  other  sensory  nerves  besides  those  mentioned,  may  pro- 
Be  refiexly  ibe  fiaroe  effecte.     For  example,  ealiva  may  bo  caused  to 

by  irritation  of  the  mocous  membrane  of  the  mouth  with  meehani- 
chemical,  electrical,  or  thermal  stimuli,  also  by  the  irritation  of  the 
DOQfl  membrane  of  the  stomach  in  some  way,  as  in  nausea,  which 
Sddes  vomiting,  when  some  of  the  peripheral  fibres  of  the  vagi  are 

ited.  Stimulation  of  the  ulfactorij  nerves  by  smell  of  food,  of  the 
c  nerves  by  the  sight  of  it,  and  of  the  midiinry  nervee  by  the  sounds 
ch  are  known  by  experience  to  accompany  the  preparation  of  a  meal, 
r  aJso,  in  the  hungry,  stimulate  the  nerve  centre  to  action.     In  addi- 

to  these,  as  a  secretion  of  saliva  follows  the  movement  of  the  mus- 

of  mastication,  it  may  be  assumed  that  this  movement  stimulates  the 
!eting  nerve  fibres  of  the  gland,  direct  or  reflexly.     From  the  fact 

the  flow  of  saliva  may  be  increased  or  diminished  by  mental  emo- 
it  is  evident  that  impressions  from  the  cerebrum  also  are  capable 
imulating  the  centre  to  action  or  of  inhibiting  its  action, 
ivary  secretion  may  also  be  excited  by  direct  fitimulation  of  the 
in  the  medulla. 

?/t  the  SnbmaxiUary  Gland. — The  submaxillary  gland  has  been  the 
d  chiefly  employed  for  the  purpose  of  experimentally  demonstrating 
influence  of  the  nervous  system  upon  the  secretion  of  saliva,  becauee 
le  comparative  facility  with  which,  with  its  blood-vessels  and  nerves, 
%y  he  exposed  to  view  in  the  dog,  rabbit,  and  other  animals.  The 
f  nerves  supplied  to  the  gland  are  (1)  the  chorda  Iffmpani^  a  branch 
El  off  from  the  facial  (or  port  to  dura  of  the  seventh  pair  of  nerves), 
ie  caual  tlirough  which  it  passes  in  the  temporal  bone,  in  itspassiige 
t  the  interior  of  the  skull  to  the  face;  and  (2)  branches  of  the  s^th^ 
fiic  nerve  from  the  plexus  around  the  facial  artery  and  its  branches 
le  gland.  The  chorda  (fig*  243,  rA.  ^),  after  quitting  the  temporal 
I  paases  downward  and  forward,  under  cover  of  the  external  ptery- 
mnscle,  and  joins  at  an  acute  angle  the  lingual  or  gustatory  nerve, 
^eds  with  it  for  a  short  distance,  and  then  pusses  along  the  sobmax- 
r  gland  duct  (fig.  243,  sm,  fA),  to  which  it  is  distributed,  giving 
chea  to  the  submaxillary  ganglion  {^g.  243, ^m.^^/.), and  sending  others 
rminate  in  the  superficiul  muscles  of  the  tongue.  It  consists  of  fine 
illated  fibres  which  lose  their  meduUii  in  the  gland.  If  this  nerve 
:pofled  and  divided  anywhere  in  its  course  from  its  exit  from  the  skull 
le  gland,  no  immediate  result  will  follow,  nor  will  stimulation 
r  of  the  lingual  or  of  the  glosso-pharyngeal  produce  a  flow  of  saliva. 
if  the  peripheral  end  of  the  divirleJ  nerve  he  stimulated,  an  abundant 
(tiou  of  saliva  ensues,  and  the  blood  supply  is  enormously  increased, 
arteries  being  dilated.  The  veins  even  pulsate,  and  the  blood  oon- 
id  within  them  is  more  arterial  than  venous  in  character. 


356 


HANDBOOK   OF   PeTSIOLOGT. 


When^  on  the  other  hand,  the  Bttmulus  is  applied  to  the  . 
filnnientfl  (mere  division  prodaeing  no  apparent  effect),  the  aner 
tracts  and  the  blood  etream  is  in  consequence  moch  diminisbedi 
from  the  veins,  when  opened,  there  escapes  only  a  sluggish  streu 
dark  blood.  The  saliva,  instead  of  being  abundant  and  watery,  bew 
scanty  and  tenacious.  If  both  chorda  tympani  and  sympathetic  brao 
be  divided,  the  gland,  released  from  nervous  control*  may  secrete 
tinuously  and  abundaiitly  (  paralytic  secretion)* 

The  abundant  secretion  of  saliva,  which  follows  stimulation  ol 
chorda  tympani,  is  not  merely  the  result  of  a  nitration  of  flaiU 


30d'Ve«»elfl,    (Tlilfl  k  not  intc^i  ded  to  1 1  tdHt  rate  t  he  exact  n  ho  sevvnl  < 

tuPM.)    &m,  gid.,  the  sub-majtlUaiy  frUtid  Into  the  duct  (^i  i  bac  b« 

Tbe  subtiDf^al  irlAfid  anil  duct  are  not  shown,    n.  L,  n,  /  .,    ^  .,;.    .  ^„  ,„<rj ii^nti_ 

eh^  t*.t  thf  4.'hL>rda  tymiiaiii  prt>ce«M!lnj|f  from  the  fAcial  nt^rvf ,  t^eiji»iii|f  e<*ujt>iu«»d  with  thi  B 
at  n.  v.,  and  tif i^rwani  divpTxinK  luid  paatHJni?  to  the  jrlnnd  tkhmfc  ihe  duct ;  «m,  o?»,  ■ub40li 
nnglloni  with  lt«  nMjtK;  n,  if.,  thu  llngrual  nerve  proetN^loK^  to  the  toui^fue  :  n^  car,^  toeoferoKftA* 
iwo  DimticheB  of  which,  a.  am,  a.  amfr.  sm.  p..  piktv*  to  thc^anteiior  acid  poatetiorpuisortlioi 
V.  tm,,  the  anterior  ond  pottt^'Hi^r  volria  from  the  fcland  endiiif?  In  v.j.,  die  Jufcular  Tela  :  %  90 
ooojotoed  va^t  mud  ftjTnpnthf'tic  trunks  ;  ftl  r*»r.  *r .  the  mipertoTH^erHcal  fpangrllon.  two  mi 
of  wliJch  fonulfitf  A  plfxun,  o./.»  owr  tliefaoinl  art^-ry  are  dlntributed  (n,  iryrn,  «m,)a1nixcia 
Klandular  artfrieH  to  thi*  aiit+'rior  and  po«t**rior  (v^rtlou  of  the  glatnl.  Th«  an^-in  fEtdkstI 
direction  Uken  by  the  nervous  impuiseii ;  durEnK  rnflex  Btftnuktious  of  the  glADd  they  o«»o^' 
br«lii  by  the  tingvial  and  deacend  by  the>  chorda  tyiupasi.    CM,  Foater ,3 

the  blood-vessels,  in  consequence  of  the  largely  increased  circoU 
through  them.  This  is  proved  by  the  fact  thiit,  when  the  maiu  dm 
obstructed,  tlie  pressure  within  may  considerably  exceed  the  blood-J 
sure  in  the  arteries,  and  also  that  when  into  the  veins  of  the  ai 
experimented  upon  some  atropin  has  been  previously  injected,  stiB 
tion  of  tbe  peripheral  end  of  the  divided  chorda  producer  all  then 
Inr  effects  as  before,  without  any  secretion  of  saliva  accompanying  tl 
Agtiin,  if  an  animaFs  head  be  cut  off,  and  the  chorda  ho  rapidly  eip 
and  stimulated  with  an  interrupted  current,  a  secretion  of  saliva  ensuci 
ft  short  time^  although  the  blood  supply  is  necessarily  absent.    T 
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leriments  serve  to  prove  that  the  chorda  contaiDs  two  seta  of  nerve 
irefl,  one  set  (vaso-fiilaior)  which,  when  stimulated,  act  upon  a  local 
KHmotor  centre  lor  regulating  the  blood  supply,  inhibiting  its  action, 
id  causing  the  vessels  to  dilute,  and  bo  producing  an  increased  supply  of 
l>od  to  the  gland;  while  another  set,  which  are  paralyzed  by  injection 
latropiu,  directly  atimulate  the  cells  them  selves  to  activity,  whereby 
ij  secrete  and  discharge  the  constituents  of  the  saliva  which  they 
Dduce.  These  latter  Hbres  very  possibly  terminate  on  the  salivary  cells 
imselves.  If,  on  the  other  hand,  the  sympathetic  tibrea  be  divided, 
muiation  of  the  tongue  by  sapid  substances,  or  of  the  trunk  of  the 
gual,  or  of  the  glosso-pharyngeal,  continues  to  produce  a  flow  of  saliva* 

Enn  these  experiments  it  is  evident  that  the  chorda  tympani  nerve  is 
principal  nerve  through  which*  efferent  impulses  proceed  from  the 
tre  to  excite  the  secretion  of  this  gland. 
I  The  syinpathetic  nerve  also  contains  two  sets  of  fibres,  vaso-conBtrictor 
id  secretory.  But  the  flow  of  saliva,  upon  stimulating  the  sympathetic, 
icanty,  and  the  saliva  itself  viscidp  At  the  same  time  the  vessels  of 
•  gland  are  constricted.  The  secretory  fibres  may  be  paralyzed  by  the 
ministration  of  atropine. 

On  ike  Parotid  Oland, — The  nerves  which  influence  secretion  in  the 

irotid  gland  are  branches  of  the  facial  (lesser  superficial  petrosal)  and 

the  sympathetic.     The  former  nerve,  after  passing  through  the  otia 

Dglion,  joins  the  auriculo-temporal  branch  of  the  fifth  cerebral  nerve, 

9,  with  it,  is  distributed  to  the  gland.     The  nerves  by  which  the 

inulus  ordinarily  exciting  secretion  is  conveyed  to  the  medulla  ob- 

l^ta,  are,  as  in  the  case  of  the  submiixillary  gland,  the  fifth,  and  the 

pao-pharyngeal.     The  pneumogastric  nerves  convey  a  further  stimu- 

to  the  secretion  of  saliva,  when  food  lias  entered  the  stomach;  the 

!fe  centre  is  the  same  as  in  the  case  of  the  submaxillary  gland. 

Changes  in  (he  (Hand  Cells. — The  method  by  which  the  salivary  cells 

ic©  the  secretion  of  saliva  appears  to  be  divided  into  two  stfiges, 

ist  differ  somewhat  according  to  the  class  to  which  the  gland  belongs^ 

bether  to  (1)  the  true  salivary,  or  (2)  to  the  mucous  type.     In  the 

mer  case,  it  has  been  noticed,  as  has  been  already  described,  that 

ing  the  rest  which  follows  an  active  secretion  the  lumen  of  the  alveo- 

becomes  smaller,  the  gland  cells  larger  and  very  granular.     During 

leiion  the  alveoli  and  their  cells  become  smaller,  and  the  granular 

aarance  in  the  latter  to  a  considerable  extent  disappears,  and  at  the 

of  secretion  the  granules  are  confined  to  the  inner  part  of  the  cell 

mst  to  the  lumen,  which  is  now  fjuite  distinct  (fig,  244). 

is  supposed  from  these  appearances  that  the  first  stage  in  the  act 
Beretion  consists  in  the  protoplasm  of  the  salivary  cell  taking  up 
the  lymph  certain  materials  from  which  it  manufactures  the  ele- 
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menta  of  its  own  secretion,  and  which  are  stored  tip  in  the  form  I 
graniiles  in  the  cell  dwring  rest,  the  second  stage  consisting  of  theaot!) 
discharge  of  these  granules,  with  or  without  previous  chaDga  % 
graiiuli'3  arc  zymogen  granules,  and  represent  the  chief  substance  of  i 
stilivary  secretion,  t.f.,  ptyaJiD.  In  the  c&se  of  the  submaxillary  glanll 
the  dog,  at  uny  rate,  the  sympathetic  nerve-fihres  appear  to  h«fe  to  j 
with  the  first  stage  of  the  jirocess,  iind  when  stimulated  the  protoplaanj 
extremely  active  in  manufacturing  the  granules,  whereas  the  chort 
tynipsiui  is  concerned  in  the  production  of  the  second  uct,  the  actual  di 
charge  of  the  materials  of  secretion,  together  with  a  considenibleainiiia 
of  fluid,  the  hitter  being  an  actual  secretion  by  the  protoplnsm,  as 
ceases  to  occur  when  atropin  has  been  subcutaneously  injected. 

In  the  mucus-secreting  gland,  the  changes  in  the  cells  during  eeci 
tion  have  been  already  spoken  of.     They  consist  in  the  gradnfid  sed 


ng.  SU,— AJveoU  of  Iro©  mIItut 
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A*  alreat;  B.  In  the  flrvt  sU««  of  eecretioii? 


tion  by  the  protoplasm  of  the  cell  of  a  substance  called  muei^n,  w1 
is  converted  into  mucin,  and  discharged  on  secretion  into  the  canil 
the  alveolL     The  mucigen  is,  for  the  most  part,  collected  into  the 
part  of  the  cells  during  rest,  pressing  the  nucleus  and  the  small  porti 
of  the  protoplasm  which  remains,  against  the  limiting  nienibniDeof  tl 
alveoli. 

The  process  of  secretion  in  the  salivary  glands  is  identie^il  withtl 
of  glands  in  gi^neralj  the  cells  which  line  the  ultimate  brunches  oft 
ducts  being  the  agents  by  which  the  special  constituents  of  the  sail 
are  formed.  The  materials  which  they  have  incorporated  with  thi 
selves  are  almost  at  once  given  up  again,  in  the  form  of  a  fluid  («0 
tion),  which  escapes  from  the  ducts  of  the  gland;  and  the  c^Us,  thi 
selves,  undergo  disintegration — again  to  be  renewed,  in  the  interrdf, 
the  active  exorcise  of  the  functions.  The  source  whence  the  cells  obK 
the  materials  of  their  secretion  is  the  blood,  or,  to  speak  more  itf 
mtely,  the  plasma,  which  is  filtered  off  from  the  circulating  blood  I 
the  interstices  of  the  glands  as  of  all  living  textnrea* 


',2i&, — ^Papular  florface  of  the  tMi^"*^'   vvtiii  Mi.*  r:mi>e*aiifi  tonsils.    1^1,  <^lrcumTanftt©  pa 
iCrontof  8,  the  foramen  ca*ciim;  :i,  fun^ffirm  fuipillti<  ;  4.  rtlirorm  ami  coniciU  papillro- ;  5, 

le  Biad  oblkiufl  rugiB  ;  tV,  mucous  glands  Bt  the  iytuyi^  of  tlietonii-ueaud  in  the  fuutvs;  7,  UmBUa; 

I  tbe  «piglottia  ;  1^  mediAU  gtcxMo^pig^lottldean  fold  Cfmoiuu  epiglottidls;.  <^From  iSappey.) 

ich  are  attached  to  the  miicoua  membrane  chiefly,  its  smaller  and 

delicate  movements  are  chiefly  performed. 
[By  other  muscles   {extrinsie  muscles),  as  the  genio-byoglossus,  the 
loglossus^  etc.^  the  tongue  is  fixed  to  surrounding  parts,  and  by  this 

ip  of  mascles  its  krger  movements  are  performed. 

The  mucons  membrane  of  the  tongue  resembles  other  mocouB  mem- 
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braees  in  essentml  points  of  structure,  but  contains  papQkff  mm  i 
less  peculiar  to  itself;  peculiar,  however,  in  details  of  structure  Mid« 
rangement,  not  in  their  nature.  The  tongue  is  beset  with  nui&enM 
mucous  follicles  and  glands. 

The  larger  jmpillm  of  the  tongue  are  thickJy  set  over  the  anterii 
two-thirds  of  its  upper  surface,  or  dorsum  (fig.  245),  and  give  to  it  i 
characteristic  roughness.  In  carnivorous  animals,  especially  tboM 
the  cat  tribe^  the  papillae  attain  a  large  size,  and  are  developed  in 

sharp  recurved  homy  spines.  Such  papS 
cannot  be  regarded  as  sensitive,  but  thevi 
able  the  tongue  to  play  the  part  of  a  m 
efficient  rasp,  as  in  scraping  bones,  or  o 
comb  in  cleaning  fur.  Their  greater  pw 
inence  than  those  of  the  skin  is  due  to  kl 
interspaces  not  being  filled  up  with  epit 
linm,  as  the  interspaces  of  the  papiUi 
the  skin  are*  The  papillae  of  the  ton 
present    several    diversities   of    formi 


Ftfc*  S4S.  Tig.  m. 

Fig.  24S.— 6«ctJoQ  of  A  mucouB  gUuiil  from  ilie  tonjnie.  A,  open  Lac  of  Uie  duct  oo  tfae  fM 
teoe;  C\  baMeoieut  niembrane  ti*ith  uueHel;  B,  fl.Att«DtHi  eplttielial  celiw  llniEiff  duct.  Tbedootd 
into  several  bmiiolit*!*,  whicb  ar*^  convoluttMi  anti  end  blinrllv,  t>elu>r  Imed  throiiitlKIIIttajoOli 
epitbeUurn,     V,  luiiii'L]  uf  »*m*  of  Uie  tiihnh  of  the  gland,     x  W.    (Rlein  and  Noble Boil^) 

Fiffv  247.— Vturtlcal  sertlou  of  a  eirc  urn  vallate  papilla  of  tbt^  calf  1  and  a,  epiUidta]  1 
cotmiog  fl ;  8,  taate  jrobleta  ;  4  atid  4\  duct  of  serous  irland  opuing^  out  into  the  pit  in  whkh  p 
ii  iltuated;  6  and  0,  Dervea  ramifying  wlUiiii  iha  papilla.    c£>i£^buium.> 


three  principal  varieties,  differing  both  in  seat  and  general  characl 
ni:iy  usually  he  dietinguished,  namely,  the  (I)  circinnvaltate^  the 
funi/tfornu  iind  the  (3)  filiform  papilla.  Essentially  these  have  si 
theni  the  siinie  structure,  that  is  to  say,  they  are  all  formed  by  a  pro 
tion  of  the  mucous  membrane,  and  contain  special  branches  of  hi 
vessels  und  nerves.  In  details  of  structure,  however,  they  differ  ooi 
erably  one  from  another. 

The  surface  of  each  kind  is  studded  by  minute  conical  proceaai 
mucous  membrane,  which  thus  form  secondary  papillse. 

(1.)  CircumvaUaie.^TheBe  papillie  (fig*  247),  eight  or  ten  in  a 
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are  situate  in  two  V-shaped  lines  at  the  baae  of  the  tongue  {1,  1, 
45).  They  are  circular  ele^^atious  from  j^th  to  ^th  of  an  inch 
» (1  to  2  mm*)*  each  with  a  central  depression,  and  surrounded  hy 
cular  fissure,  at  the  outside  of  which  again  is  a  slightly  elevated 
both  the  central  elevation  and  the  ring  being  formed  of  close-set 
le  papillae. 

1.)  Fungiform,— ^\\^  fungiform  papilla  (3,  fig.  245)  are  scattered 
ly  over  the  sides  and  tip,  and  sparingly  over  the  middle  of  the  dor- 
of  the  tongue;  their  name  is  derived  from  their  being  usually  nar- 
rat  their  base  than  at  their  summit.  They  also  consist  of  groups 
mple  papillae  (A.  fig.  248),  each  of  which  contains  in  its  interior  a 
of  capillary  blood-vessels  (B.),  and  a  nerve-fibre. 
L)  Conical  or  Filiform, — These,  which  are  the  most  abundant  pa- 
t  are  scattered  over  the  whole  surface  of  the  tongue,  btit  especially 


M 


,  StfL—BuifAce  and  seotlon  of  the  funglfonn  paplUae.  A,  the  surface  of  a  fuijg:iform  papIIM, 
y  deoud*^  *f  iTscpirht  liuin;  p,  secondary  papiUGe;  e,  epiLheliun).  B^  mctkm  of  a  fuiiKiiorm 
wftli  vted  ;  a,  arl*o'  ;  r',  vein:  c,  cApillary  IcH^psof  Kinillar  papiJIfle  tn 

^b>  '  ti^ue;  d,  capillary  loops  of  tkte  seeoudary  papilla?;  e,  epjlheaum. 

1  .  wniftii,) 

Idle  of  the  dorsum.  They  vary  in  shape  somewhat,  but  for 
Lost  part  are  eonicul  or  fiJiforni,  and  covered  by  a  thick  layer  of 
TmiB,  which  is  arranged  over  them,  either  in  an  imbricated  manner, 
prolonged  from  their  surface  in  the  form  of  fine  stiff  projections, 
ike  in  appearunce,  and  in  some  instances  in  stracture  also  (fig. 
From  their  peculiar  structure,  it  seems  likely  that  these  papillas 
I  mechanical  function,  or  one  allied  to  that  of  touch  rather  than 
te;  the  latter  sense  being  probably  seated  especially  in  the  other 
arietieg  of  papillae,  the  cireumvaUale  and  the  fungiform. 
le  epithelium  of  the  tongue  is  stratified  with  the  upper  layers  of 
aamous  kind.  It  covers  every  part  of  the  surface;  but  over  the 
torm  papilhe  forms  a  thinner  layer  than  elsewhere.  The  epithelium 
ng  the  filiform  papilli^  is  extremely  dense  and  thick,  and,  as  before 
oned,  projects  from  their  sides  and  summits  in  the  form  of  long, 
iair*like  processes  (fig.  249).  Many  of  these  processes  bear  a  close 
>lanc6  to  hairs.     Blood-vessels  and  nerves  are  supplied  freely  to 
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the  pnpillae*  The  Dcrres  in  the  faQgiform  and  circomTalkti 
form  a  kind  of  plexus^  spreading  out  brushwise  (fig.  2i2\  but  i 
mode  of  termmation  of  the  nerTe-filaraeiits  ia  not  certainly 

In  tho  circum vallate  papilla  of  the  ton^fue  of  man  pecul 
tures  knowQ  as  gustatory  buds  or  ta^t^  goblet ^i,  have  been 
They  are  of  an  oval  shape,  and  consifit  of  a  number  of  closely 

very  narrow  and  fusifon 
[gustatory  calls),  Tl 
core  of  gustatory 
closed  in  a  single 
broader  fusiform  cej 
tug  cflh).  The  gust 
terminate  in  ftne  spil 
unlike  eiiia,  which  pro; 
the  free  surface  (fig.  25< 
These  bodies  also  occ 
by  aide  in  considerable 


V 


Fig,  S40. 


Plg.iSSO. 


Fig.  a49.— Two  lliif broi  j^apiUm,  on e  with  epitlieUmii,  the  other  without.  ^,— d,  tb 
th«  papUlee  dJvkllng  at  their  upper  extret]iiti««  into  aecoDilAry  papilltti :  a,  artfvy, 
divldiDK  Into  oftpillAiy  loops ;  e,  epIthellAl  tsov^rine,  luminated  belw^en  the  pApUUe, 
Into  bair-Uk«  prooenes, /,  from  the  eztramlties  m  the  i^coudjiry  papiUae^  (F^m  T 
Todd  mod  BownuuiO 

Wig.  SGOl— IVute-gobiet  from  dog'neplglottk  0u7V8«^  surface  near  the  baso).  . 
In  ttruoture  to  thoae  fouod  (n  tlie  touf^e.    o,  deppcaaloti  In  epithelium  over  goblet;  1 
we  Been  the  line  hair-like  procesflee  In  whldi  the  ceils  tennluate  :  c.  t  wo  nuelel  of  tlvii 
fiory)  cf lis,    1  h*^  nu^rv  E%iip(;rfieial  nuclei  belong  to  the  superficial  (incasing)  oeUa ; 
"     1  Indicate  the  f  uMf  orm  iihape  of  the  laca&ing  cells,    x  4(X».    (Scbofleld.) 


bars  in  the  epithelium  of  the  papilla  foliata,  which  is  situated  m 
root  of  the  tongue  in  the  rabbit,  and  also  in  man.  Similar  taste-j 
have  been  observed  on  the  posterior  (laryngeal)  surface  of  the 


The  Pharynx. 


1 


The  portion  of  the  alimentary  canal  which  intervenes  betwc 
mouth  and  the  cosophagus  is  termed  the  Pharynx,  It  will  suffi' 
to  mention  that  it  is  constructed  of  a  series  of  three  muscles  wil 
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M  fibres  {cofh^tridors)^  which  are  covered  l>y  a  thin  fascia  externally, 
id  are  lined  internally  by  a  strong  fascia  (pharyngeal  aponeuroais),  on 
inner  aspect  of  which  is  areolar  (submucous)  tissue  and  mucous 
lembrune,  continuous  with  that  of  the  naouth,  and,  as  regards  the  part 
imcemed  in  swallowing,  is  identical  with  it  in  general  structure.  The 
►ilhelium  of  this  part  of  the  pharynx,  like  that  of  the  mouth,  is  stniti- 
id  and  squamous. 

The  pharynx  is  well  supplied  with  mucous  glands  (fig,  246). 

Between  the  anterior  and  posterior  arches  of  the  soft  palate  are  eit- 
ied  the  TonsilSj  one  on  each  side*     A  tonsil  consists  of  au  elevation 

the  mucous  membrane  representing  13  to  15  orifices,  which  lead  into 


sr-\ 


]lSpiUi«L 


Tunica 
propriA. 


J 


fiercest. 


Ftir.252. 


.  2*1,— tio^al  follicle  or  cnrpt.    «♦  involution  nf  iimrooa  memfaFaoe  with  ft«  p&pillie;  fe, 
1  OASuea.  with  at?Teral  Ijinplit^ld  saca.    (Frpy .  > 

— Vertical  sectioTi  throufph  a  cr^'pt.  of  the  hum  an  tonfiil.  1,  eo  trance  to  the  crypt ;  ^  and. 
irark  or  adf^ooid  tlaaue;  if  the  Luelosing  tlbrous  tissue  ;  a  and  b«  lymphatic  foUides;  S 


or  recesses,  in  the  walls  of  which  arc  placed  nodules  of  adenoid 
!iphoid  tissue  (fig.  252).  These  nodules  are  enveloped  in  a  less 
adenoid  tissue  which  reaches  the  mucous  surface.  The  surface 
r>vered  with  stratified  squamons  epithelium,  and  the  subepithelial  or 
3U8  membrane  proper  may  present  rudimentary  papillae  formed  of 
Boid  tissue.  The  tonsil  is  bounded  by  a  fibrous  capsule  (fig.  252,  4). 
i  the  crypts  open  the  ducts  of  numerous  mucous  glands* 
The  viscid  secretion  which  exudes  from  the  tonsils  serves  to  lubri- 
'  the  bolus  of  food  as  it  paeaes  them  in  the  second  part  of  the  act  of 
Intition. 
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The  CEsopHAQua  or  Gtrixsr. 

The  CEsophagna  or  Otillet,  the  narrowest  portion  of  the  alimenUij 
canal,  is  a  muscular  and  mucous  tube«  nine  or  ten  inches  in  length,  wh 
extends  from  the  lower  end  of  the  pharynx  to  the  cardiac  orifice  ( 
stomach, 

Siructure, — The  cesophagiis  is  made  up  of  three  coats — m., ' 
outer,  muscular;  the  middle,  submucous;  and  the  inner,  mucous, 
muscular  coat  is  covered  externallj  by  a  varying  amount  of  loose  fibrom] 


Fir  25ft.— TmnairerM  paction  of  th«*  humiLn  (¥«opha^s.    a,  FlbrooB  carer! ng:  K  lo 
mutc'ulAr  fibres;  c*.   trantTerse  inuftculflir  flbre**;   d^  &reo1or  or  BiibmiicouH  coat: 

tiiuec 


ncumr  noreii;  c.  iFfiDSTerse  inuftcuiflir  nDre^t  tt^  areolor  or  BiibmiicouH  coat:  <  mn 
LNiHii?:  f,  niucou*  membrane,  with  nart  of  a  Ijoiphold  nodule;  g,  Btnittfled  epitlieUAltl] 
eouiiglftncl;  <,  gUnd  duct;  m\  striated  muicl«  flbreii,    0^  Hor»ley.) 


tissue-     It  ia  composed  of  two  layers  of  fibres,  the  outer  being : 
longitudinally,  and  the  inner  circularly.    At  the  upper  part  of  the  c 
aguB  this  coat  is  made  up  principally  of  striated  muscle  fibres,  as  1 
are  continuous  with  the  constrictor  muscles  of  the  pharynx;  bat 
down  the  unstriuted  fibres  become  niorermd  more  numerous,  and  toi 
the  end  of  the  tube  form  the  entire  coat.    The  muscular  coat  is 
nected  with  the  mucous  coat  by  a  more  or  less  developed  layer  of  i 
tissue,  which  forms  the  mtiwitwous  cont  (fig.  253,  /),  in  which  ia 
tained  in  the  lower  half  or  third  of  the  tube  many  mucous  glanda, 
ducts  of  whicli,  passing  through  the  mucous  membrane,  open  on  itss* 
face.     Separating  this  coat  from  the  mucous  membrane  proper  is  aw 
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ireloped  layer  of  langitudmal,  unstriated  musclet  called  the  muscularii 
)icasit.  The  mucous  membrane  h  composed  of  a  closely  felted  mesh- 
Ifk  of  fine  connective  tissue,  which,  toward  the  surface,  is  elevated  ioto 
dimentary  papillae.  It  is  covered  with  a  stratified  epithelium,  of 
lich  the  most  superficial  hiyers  are  squamous.  The  epithelium  is  ar- 
iged  upon  a  basement  membrane. 

In  newly-boni  children  the  mucous  membrane  exhibits,  in  many 
rts,  the  structure  of  lymphoid  tissue  ( Klein). 

Blood-  and  lymph-veasels,  and  nerves,  are  distributed  in  the  walls  of 
» oesophagus.  Between  the  outer  and  inner  layers  of  the  muscular 
ktj  nerve-ganglia  of  Auerbaeh  are  also  found  (fig,  259). 


BEaLUTITION. 

When  properly  masticated,  the  food  is  transmitted  in  successive  por- 
ins  to  the  stomach  by  the  act  of  deglutition  or  swallowing.  The  fol- 
nng  account  of  deglutition  is  based  upon  the  researches  of  Krouecker 
I  Meitzer,  whose  experimenta  seem  to  disprove  the  earlier  theory  of 
kgendie: 

The  mouth  la  closed,  and  the  food  is  rolled  after  thorough  mixing 
El  the  saliva  into  a  bolus  on  tJm  dorsum  of  the  tongue*  The  tip  of 
i  tongue  is  pressed  upward  and  forward  against  the  bard  palatCt  tbus 
riting  o£F  the  anterior  part  of  the  mouth  cavity.  The  mjlo-bjoid 
iclefl  then  suddenly  contract,  the  bolus  of  food  is  put  under  great 
Bare,  and  shot  backward  and  downward  through  the  pharynx  and 
iphagus  to  the  cardiac  orifice  of  the  Btomach.  Coincidently  with  the 
[traction  of  the  mylo-hyoid  muscles,  the  hyoglosei  are  thrown  into 
ion,  drawing  the  tongue  backward  and  downward,  not  only  increasing 

presBure  upon  the  food,  but  forcing  the  epiglottis  over  the  glottia 

thus  closing  the  larynx.     The  interval  of  time  between  the  com- 
^cement  of  the  act  of  deglutition  and  the  arrival  of  the  food  at  the 

lie  orifice  of  the  stomach  is  not  more  than  0.1  second.     Usually  the 
remains  at  the  cardiac  orifice  without  entering  the  stoniach  notil 

first  pare  of  the  act  of  swallowing  is  reinforced  by  the  subsequent 
ition  of  the  constrictors  of  the  pharynx  and  the  passage  of  a  peri- 
lic  wave  down  the  a^ophagus.     This  wave,  reaching  the  cardiac  ori- 

abont  6  seconds  after  the  commencement  of  the  act  of  deglutition, 
the  food  into  the  Btomach,  the  sphincter  having  previously  re- 
in some  cases,  however,  the  food  is  not  stopped  at  the  cardiac 
C6,  bot  is  sent  through  the  relaxed  sphincter  by  the  original  force  of 
mjlo-byoid  contraction. 

11  man  the  cesophagus  contracts  in  three  separate  segments — the 

segment  lying  in  the  neck  and  being  about  6  centimetres  long,  the 
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■econd  being  the  next  10  ceDtimetres  of  the  tube,  and  the  third  tbe  n 

maining  portion  to  th©  stomacb. 

The  act  of  iwallowiog  coosistg,  then,  of  the  contractioii  in  Beqneni 
of  five  nmscle-segments:  the  mylo-hyoids,  the  constrictors  of  the  phi 
jnx,  and  the  three  segments  of  the  tbsophagus.  The  compiited  timei 
contraction  is  as  follows: 

Contmction  of  mylo-hyolds  and  conBtrictora  of  the  phtjyiix 

Contraction  of  the  iifst  purt  of  the  cBaophagiia ^ 

Contraction  of  the  aecond  part  o£  the  ojBophagus  .        .        .         ...       J 

Contraction  of  the  third  part  of  the  cssophagOA         * 


If  a  second  attempt  at  swallowing  he  made  before  the  first  haaba 
oompleted  (that  le,  before  6  seconds  have  elapsed},  the  remaining  porti 
of  the  irst  act  is  inhibited,  and  the  contraction  wave  reaches  the 
6  seconds  after  the  commencement  of  the  second  act. 

In  addition  to  the  ahove^  the  following  facts  must  be  noted: 

Diiriog  the  act  of  deglutition  the  poBterior  nares  are  closed  thron] 
the  action  of  the  levator  palati  and  tensor  palati  tnnsclee,  which  ni 
the  velum;  the  palato-pharyngei,  drawing  the  posterior  pillars  of  (! 
fauces  together;  and  the  azjgos  nvulfe,  which  raises  the  UToh—tl 
forming  a  complete  cnrtain«  Otherwise  the  food  would  paes  into 
noaOf  as  happens  in  the  case  of  cleft  palate.  At  the  same  time  iht 
ynx  is  closed  by  the  adductor  mtisclea  of  the  vocal  cords  aud  the  di 
of  the  epiglottis,  the  hirynx  being  drawn  upward  as  a  whole  through 
action  of  the  mylo-hyoid,  genio-hyoid»  thyro-hyoid,  and  digastric  mi 
cles.  The  preBeiiee  of  the  epiglottis  is  not  necessary  for  the  complei 
of  the  act  of  deglutition, 

Nervous  Mechanism, — The  nerves  engaged  in  the  reflex  act  of  di 
tition  iiTe:—semortj,  branches  of  the  fifth  cerebral  supplying  the  soft 
ate;  glosBo-pharyngeal,  supplying  the  tongue und  pharynx;  thesupeO 
laryngeal  branch  of  the  vagus,  supplying  the  epiglottis  and  the  glol 
while  the  moior  fibres  concerned  are:— branches  of  the  fifth,  supply 
part  of  the  digastric  and  hiylo-hyoid  muscles,  and  the  muscles  of 
cation;  the  faciiil,  supplying  the  levator  palati;  the  glosso-pharynp 
supplying  the  muscles  of  the  pharynx;  the  vagus, supplying  the  moie 
of  the  larynx  through  the  inferior  kryngeul  branch,  and  the  hypogl 
sal,  the  muscles  of  the  tongue.  The  nerve-centre  by  w^hich  the  muse 
are  harmonized  in  their  action,  is  situate  in  the  medulla  oblongata, 
the  movements  of  the  a?8op!iagus,  the  ganglia  contained  in  its  ^ 
with  the  pneumo-gastrics,  are  the  nerve-structures  chiefly  concerned 

It  is  important  to  note  that  the  swallowing  both  of  food  and  drill 
a  muscular  act,  and  can,  therefore^  take  place  in  opposition  to  the  bd 
of  gravity.     Thus,  horses  and  many  other  animals  habitually  drink 
hill,  and  the  same  feiit  can  be  performed  by  jugglers* 


liters   its  larger  or  cardiac 

be  one  hand,  and  the  email 
which  commences  at  its 

i  end   or  pylorus,    on   the 

[t  varies  in  shape  and  size 

g  to  its  state  of  disteDtioD. 

:iure, — The  stomach  is  corn- 
four  coats  J  called  reepec- 

1)  an  external  or  peritonealj 

<;iilar,  (3)  snbmncoos,  and 

)ascoat;  with  blood-vessels, 

ica,  and  nerves  distribnted 

etween  them. 

Che  peritonml  coat  has  the 

3  of  serous    membranes  in 

as  has  been  deBcrihed,     (2) 

wular  coat  consistB  of  three 

layers  or  sets  of  fibre,  which, 

g  to  their  several  directions, 

!ti  the  longitudinal,  circular, 

iqne.  The  longiimlinal  set 
most  superficial:   they  are 

iQS  with  the  longitudinal 
the  OBsophagns  and  spread 
diverging  manner  over  the 

end  and  sides  of  the  stom- 

hey  extend  as  far  as  the  py* 

eing   especially   distinct   at 

r  or  upper  curvature  of  the 

p  along  which  they  pass  in 

itrong  bands.     The  next  set 

Hrciilar  or  iransverse  fibres, 

lore  or  less  completely  en- 

^arts  of  the  stomach  -  they 

^bnndant  at  the  middle  and  in  the  pylorio  portion  of  the  or- 

t  form  the  chief  part  of  the  thick  projecting  ring  of  the  pylorus, 

>re8  are  not  simple  circles,  hot  form  double  or  fignre-of-8  loops, 

m  intersecting  very  obliquely*      Tho  next,  and  consequently 


FIr.  254.— From  a  vertical  ne*ctlon  throngb, 
tin©  mucoytj  membrane  of  the  i^anliac  end  of 
stomach.  Two  peptic  glaiidn  are  shown  wiib  ft 
duct  comiiiQD  to  Itotb,  one  Klaad  only  lo  part. 
a,  duct  with  colunuiar  epithelium  b«<*omlng 
shorter  aa  the  cellM  &m  traced  dovravriird ;  n, 
oeck  nf  f^laiid  tiiben^  with  central  and  pariet&i 
or  so-calleti  p^ptlr  eeOfi;  6,  fiitidUM  with  curved 
C8?caL  extremity— the  parietal  ct^lls  are  mot  bo 
Dumeroiu  here,  x  ^*  (Klein  and  Koblo 
fimltb.) 
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deepest  set  of  fibres,  are  the  oblique^  continuons  with  the  circ 
cular  fibres  of  the  cesophagoa,  and  baving  the  earae  dooble-loop 
rangemeDt  that  prevails  in  the  preceding  layer:  they  are  corapar 
few  in  number,  and  are  placed  only  at  the  cardiac  orifice  and  por 
the  atoraach,  over  both  en rf aces  of  which  they  are  epread,  somej 
obliquely  from  left  to  right,  others  from  right  to  left,  aronnd  i 
orifice,  to  which,  by  their  interlacing,  they  forni  a  kind  of 
continnons  with  that  around  the  lower  end  of  the  GB9ophaga^ 
muscular  fibres  of  the  stomBoh  and  of  the  intestinal  canal  arei 
being  composed  of  elongated,  flpindle-shaped  fibre-cells. 

(3)  and  (4)  The  mucous  mmiibrane  of  the  etomach,  which  ; 
a  layer  of  loose  cellular  membrane,  or  tubmucaus  tisstie^ 
level,  soft,  and  velvety;  of  a  pale  pink  color  during  life,  and 
traded  state  thrown  into  nunieroud,  chiefly  longitudinal,  folds  a 
which  disHppear  when  the  orgun  is  distended. 

The  basis  of  the  mucous  membrane  is  a  fine  connective  tL 


Fig.  a35»— TranHTcrM!  sectJoii  tlmmsrh  lower  part  of  peptic  gUodi  of  m  <mt.    . 
ApberotdAl  or  cublou  cells;  c,  timnBTerM  MCtfoti  of  cApUkrUa. 


a,  pcptici 


I 


approaches  closely  in  structure  to  ridenoid  tissue;  this  tissue 
the  tubular  gkiids  of  which  thefiuperfietal  and  chief  part  of  thai 
membrane  is  composed,  and  passing  up  between  them  assists 
them  together.     Here  and  there  are  to  be  found  in  this  coat^ 
ately   underneath   the  glands,   maeeea   of    adenoid    tissue  suiB 
marked  to  be  termed  by  some  lymphoid  follicles.     The  glandi 
rated  from  the  rest  of  the  mucous  membrane  by  a  very  fine 
ous  basement  membnme. 

At  the  deepest  part  of  the  mucous  membrane  are  two  lay< 
lar  and  longitudinal)  of  unatriped  inuacuhir  flbres,  culled  the  m 
mueostBy  which  separate  the  mucous  membrane  from  the  scaal 
mucous  tissue. 

When  examined  with  a  lens,  the  intcrnul  or  free  surface  of 
ach  presents  a  peculiar  honeycomb  appearance,  produced  b; 
polygonal  depressions,  the  diameter  of  which  varies  geneniUy  fnii 
to  ^ii^th  of  an  inch  (about  125.u) ;  but  near  the  pylorus  is  aa, 
■j^th  of  an  inch  (250/i).  They  are  separated  by  slightly 
ridges,  which  sometimes,  especially  in  certain  morbid  states  of 
eh,  bear  minutej  narrow  vascular  processes,  which  look  like 


ani 

1 

:  lii£e  vi 
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Me.  given  rise  to  tha  erroDeons  fiupposition  that  tlio  Btomach  baa 
orbing  Tilli,  like  tliose  of  the  small  inteetinea,  lo  the  bottom  of 
^W?e  little  pits,  aDd  to  Boioe  extent  between  them,  minute  openings  are 
"^iNiiJe,  which  are  the  orifices  ef  the  diieta  of  perpendicularly  arranged 
^Tiba I ur  glands  (fig.  254),  imbedded  Bide  by  Bide  in  sets  or  bandies,  on 
^e surface  of  the  mucoua  membrane,  and  composing  nearly  the  whole 
iMructure* 

The  glands  of  the  mucous  membrane  are  of  two  varieties,  (a)  Cardiac^ 
Pyloric. 

(a)  Cardiac  glands  are  found  throughout  the  whole  of  the  cardiac 

end  of  the  stomach.  They  are  arraQged 
in  groups  of  four  or  Uv%  which  are  Bep- 
arated  by  a  fine  Gonnootive  tissue.  Two 
or  three  ttibea  often  open  into  one  duct. 


Ffe.aw. 


Fig,  257. 


lSS.— Section  Bliowin^  the  pyloric  ^Inndfl.    #,  free  fturfoee;  d,  ductJi  of  pj-^loric  glands;  n, 
■e;  m,  the  ^Jjiud  ulveoU;  mm,  emscularis  mucosie.    (Klein  aod  Noble  SinltJi.) 
^^Thok  ftf  iho  hlo^jd-r&aela  of  tlie  stotuuch,  as  ihej  would  be  seen  [□  a  v«rtiical  sectkm. 
naatlD^uiJ  from  the  vcaaete  of  iiubinucoiis  coat;  b,  caplUariea  brancliiug  between  and 
b«s;  c  superficial  plexus  of  capillaries  occupytncrtlieridKefl of  the  mucoue membrane; 
L  bjr  the  uniut)  of  vt^iu^^  xvhicli,  having  collected  tbe  blood  of  the  superficial  capillary 
I  pasaiiiK  down  between  th«  tubes.    CBrintoo.) 

forms  about  a  third  of  the  ivhoie  length  of  the  tube  and  opens  on 

k  surface.     The  ducta  are  lined  with  columnar  epithelium.     Of  the 

.  tnbo  proper,  i.e.,  the  part  of  the  gland  below  the  duct,  the  upper 

18  the  n€ck  and  the  rest  the  body.     The  neck  is  narrower  than  the 

and  is  lined  with  granular  cubical  cells  wbich  are  continuous  with 

lomnar  cells  of  the  duct.     Between  these  cells  and  the  membrana 

of  the  tubes,  are  large  oval  or  spherical  cells,  opaque  or  granular 

pearance,  with  clear  oval  nuclei,  bulging  out  the  membrana  pro- 

ibese  cells  are  called  oxynlic  or  parietal  cells.     Thej  do  not  form 

tinuous  laj'er.     The  body,  which  is  broader  than  tbo  neck  and  ter< 

24 
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minutes  in  a  blind  extremity  or  fundus  Dear  the  muscularia  mnoocc, 
lined  by  cells  coutiniiuus  with  the  cubical  or  central  cells  of  the  nedlf 
but  lunger,  mure  culunmar  and  more  transparent.     In  tbia  part  in 
few  parietal  cells  of  tbe  same  kind  as  in  the  neck  (fig.  254). 

As  the  pylorus  is  approached   the  gland  ducts  become  longer t 
the  tube  proper   becomes  shorter,   and   occasionally   branched  at  fl 
fundus. 

{0)  Pyloric  Glands, — These  glands  (fig.  256)  have  much  longer  di 
than  the  pe])tic  glands.  Into  each  duct  two  or  three  tubes  open 
very  sliort  and  narrow  necks,  and  the  body  of  each  tube  is  brani 
wavy,  and  convoluted.  The  lumen  is  very  large.  The  ducts  are  Hi 
with  columnar  epithelium,  and  the  neck  and  body  with  shorter  nl 
more  granular  cubical  cells,  which  correspond  with  the  central  relli  d 
the  cardiac  glands.  Moreover,  the  parietal  cells  which  are  present  i| 
the  cardiac  glands,  are  absent  in  the  pyloric.  During  secretion  theoalj 
become,  as  in  the  case  of  the  cardiac  glands,  larger  and  the  gnnnl 
restricted  to  the  inner  zone  of  the  cell.  As  they  approach  tbe  dnodenv 
the  pyloric  glands  become  larger,  more  convoluted  and  more  de 
situated.  They  are  directly  continuous  with  Brnnuer's  glands  in 
duodenum.     (Watney.) 

Chanyes  in  the  gland  cells  during  secretion. — The  chief  or  cul 
cells  of  tho  cardiac  glands,  and  the  corresponding  cells  of  the  pyki 
glands  during  the  early  stage  of  digestion,  if  hardened  in  alcohol,  appc 
swollen  and  granular,  and  stain  readily.  At  a  later  stage  the  celli 
cunio  smaller  and  less  granular,  and  stain  even  more  readily.  !l 
parietal  colls  swell  up,  but  are  otherwise  not  altered  during  digcstil 
The  irranulos,  however,  in  tho  alcohol-hardened  specimen,  are  belief! 
not  to  exifist  in  tho  living  cells,  but  to  have  been  precipitated  byt 
hardening  reagent :  for  if  examined  during  life  they  appear  to  be 
fined  to  the  inner  zone  of  tlie  cells,  and  the  outer  zone  is  f ree  fw 
granules,  whereas  during  rest  tho  cell  is  granular  throughout  Thi 
granules  are  thought  to  ho  pe]»sin,  or  the  substance  from  which  pepi 
is  formed,  pvj*sinn,jtn^  which  is  during  rest  stored  chiefiy  in  the 
zone  of  tho  cells  and  discharged  into  the  lumen  of  the  tube  dari 
secretion.     (Langley.) 

/.v'.w;>'..r/jV.v. — Lymphatic    vessels   surround    the    gland  tubes  to 
greater  or  less  extent.     Toward  tho  fundus  of  the  peptic  glands 
found  masses  of  lymphoid  tissue  which  may  appear  as  distinct  folli( 
somewhat  like  the  solitary  glands  of  tho  small  intestine. 

/V.\..  i/-;rs.<rV.— The  Mood-vossols  of  the  stomach,  which  first  brt 
up  in  the  sub-mucous  tissue,  send  bnniches  upward  between  the  old 
packed  glandular  lulvs,  ar.asiomosing  around  them  by  means  of  a 
capillary  network,  with  t^Mong  moshos.     Continuous  with  this  d« 
plexus,  or  pn^K^nged  upward   from  it,  so  to  speak,  is  a  more  superfifl 
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rork  of  larger  capOlaries,  whicli  briuich  densely  ai'ound  tlie  orifices 
Itbe  tubes,  and  form  the  framework  on  which  are  raoulded  the  small 
prated  ridges  of  mucous  membraue  bounding  the  minute,  polygonal  fnts 

ore  referi-ed  to.  From  this  Hnperfieinl  network  the  veins  chiefly  take 
lir  origin.  Thence  passing  down  between  the  tubes,  with  no  very  free 
Diiection  with  the   deeper   inter-tuhular  capillary  plexus,  they  open 

llj  into  the  venous  network  in  the  submucous  tissue. 
I  Kerres, — The  nerves  of  the  gtomach  are  derived  from  the  pneumogas- 

\  and  sympathetic,  and  form  a  plexus  in  the  sub-mucous  and  muscular 
I  csontaining  many  ganglia  (Eemak,  Meissner). 


Gastric  Juice. 

[TTie  functions  of  the  gtomach  are,  (u)  to  afford  storage  for  the  food 
it  can  be  taken  up  for  digestion  and  absorption  by  the  intestines ;  (h) 
Crete  a  digestive  fluid,  the  gastric  juice,  to  the  action  of  which  the 
,  is  subjected  after  it  has  entered  the  cavity  of  the  stomach  from  the 
phagus;    (c)  to  thoroughly  incorporate  the  fluid  with  the  food  by 
as  of  its  muscular  movements ;  and  (d)  to  absorb  such  substances  as 
i  ready  for  absorption*     It  is  not  essential  to  life  as  has  been  shown  by 
il  removal  of  the  stomach  j  but  in  such  eases  food  has  to  be  given 
quantities  frequently  until  a  secondary  dilatation  of  the  intestine 
led  and  can  ax^t  as  a  place  of  storage.     Wliile  the  stomach  con- 
no  food,  and  is  inactive,  no  gastrio  fluid  is  secreted ;  and  mucus, 
is  either  neutral  or  slightly  alkaline,  covers  its  surface.     But  im- 
itely  on  the  introductiou  of  food  or  other  substance,  the  mucous 
Dibrane,  previously  quite  pale,  becomes  slightly  turgid  and  reddened 
the  influx  of  a  larger  quantity  of  blood ;  the   gastric  glands  com- 
!  secreting  actively,  and  an  acid  fluid  is  poured  out  in  minute  drops, 
gradually  run  together  and  flow  down  the  walls  of  the  stomach,  or 
J  into  the  substanres  within  it. 

tkal  Compos  If  ion, — The  first  accurate  analysis  of  gastric  juice 
[made  by  Front;  but  it  does  not  appear  to  have  been  collected  in  any 
I  quaiitit^^y  or  pure  and  separate  from  food,  until  the  time  when  Eeau- 
i  enabled,  by  a  fortunatje  circumstance,  to  obtain  it  from  tlie  stom- 
fiOf  a  man  named  St.  Mailin,  in  whom  there  existed,  as  the  result  of 
tiot  wound,  an  opening  leading  directly  into  the  stomach,  near  the 
r  extremity  of  the  great  curvature,  and  three  inches  from  the  cardiac 
The  introductiou  of  any  mechanical  irritant,  such  as  the  bulb  of 
ttometer,  into  the  atomaeh,  through  this  artificial  opening,  excited 
«  the  secretion  of  gastric  flui<L  This  was  drawn  off,  and  was  often 
led  to  the  extent  of  nearly  an  ounce.  The  introduction  of  alimen- 
nfastances  caused  a  innch  more  rapid  and  abundant  secretion  than 
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did  other  mecliauical  irritants.     No  increase  of  temperature  could  be  ( 
tected  during  the  most  active  secretion ;  the  thermometer  introdueed  i 
the  stomach  always  stood  at  37. 8*^  C.  (100°  F.)  except  duriqgmi 
exettion,  when  the  temi>erature  of  the  stomach,  like  that  of  other 
of  the  body,  rose  one  or  two  degrees  higher. 

The  chemical  composition  of  human  gastric  juice  has  been  also 
tigated  by  Schmidt.  The  fluid  in  this  case  was  obtained  by  means  of 
accidental  gastric  fistula,  which  existed  for  several  years  below  the 
mammary  region  of  a))atient  between  the  cartilages  of  the  ninth  andti 
ribs.  The  mucous  membrane  was  excited  to  action  by  the  introdnctioB 
some  hard  matter,  such  as  dry  ))eas,  and  the  secretion  was  remored 
means  of  an  elastic  tube.  The  fluid  thus  obtained  was  found  to  be 
limpid,  odorless,  with  a  mawkish  taste — with  a  specific  gravity  of 
to  1010.  It  contained  a  few  cells,  seen  with  the  microscope,  and 
fine  granular  matter.  The  analysis  of  the  fluid  obtained  in  this  wa| 
given  below.  Essentially  it  is  a  weakly  acid  fluid  containing  hjd 
chloric  acid  and  two  enzymes,  pepsin  and  rennin,  with  ]>088ibly  a 
(glucase) .  The  gastric  juice  of  dogs  and  other  animals  obtained  hj 
introduction  into  the  stomach  of  a  clean  sponge  through  an  artifiea 
made  gastric  fistula,  shows  a  decided  difference  in  composition,  bat  ] 
sibly  this  is  due,  at  least  in  part,  to  admixture  with  food. 

CUEMICAL  COMPOSmON  OP  GASTRIC  JTICE. 

«  Dofcs.        HnmOL 

Water 971.17       Wi4 

Solids 28.82  5.» 


Solids— 

Fcnnciit— Pepsin 17.5  8.19 

IIvdr()chl(>ric  acid  (free) 2.7  .2 

Salts- 
Calcium,    sodium,   and   potassium,   chlorides;    and 
calcium,  magnesium,  and  in)n,  phosphates   .  8.57  2.19 

The  qua }i tiff/  of.  gastric  juice  secreted  daily  has  been  variously  ell 
mated ;  but  the  average  for  a  healthy  adult  may  be  assumed  to 
from  five  to  ten  pints  in  the   twenty-four   hours.     The  acidity  oft 
fluid  is  due  to  free  /n/drorhloric  acid,  although  other  acids,  e.g.,  M 
acetic y  hutyncj  aie  not  infrequently  to  be  found  therein  as  products 
gastric  digestion  or  abnormal  fermentation.     In  healthy  gastric  juice 
anioiuit  of  free  hydrochloric  acid  is  usually  about  0.2  per  cent,  but  t 
be  as  much  as  0.3  per  cent.     In  pathological  conditions  it  may  be 
tirely  absent,  or  may  amount  to  0.5  per  cent,  or  even  more. 

There  is  but  little  doubt  that  hydrochloric  acid  is  the  proper  a< 
healthy  gastric  juice,  and  various  tests  have  been  used  to  prove 
most  of  these  depend  upon  changes  produced  in  aniline  colors  bf 
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of  hydrochlorie  acid,  even  in  minute  traces,  whereas  lactic  and 
ir  organic  acids  have  no  such  action.  Pepsin  will  act  with  phos- 
Iric,  lactic,  and  oxalic  acids,  as  proven  by  laboratory  experiments,  but 
laest  results  are  obtained  with  hydrochloric  acid.  Of  these  tests  the 
mmg  may  be  mentioned. 
An  aqueous  alkaline  solution  of  00  tro/ifrofm^  a  bright  yellow  dye,  is 
d  red  on  the  addition  of  a  minute  trace  of  hydrochloric  acid  j  and 
fiolutiotis  of  methyl  violet  and  gentian  violet  ai'e  turned  blue  un- 
ite same  circumstances.  The  lactic  acid  sometimes  pi-esent  in  the 
Itents  of  the  stomach  is  derived  partly  from  the  sarcolactic  acid  of 
iclei  and  partly  from  lactic  acid  fermentation  of  carbohydrates.  Lactic 
(CjH^Oj,  if  present,  gives  the  following  test.  A  solution  of  10  cc. 
4  per  cent  aqueous  solution  of  carbolic  acid,  20  cc*  of  water,  and  one 
p  of  liquor  ferri  perchloridi  is  made,  forming  a  blue-colored  mixture ; 
trace  of  free  lactic  acid  added  to  such  a  solution  causes  it  to 
yellow,  whereas  hydrochloric  acid  even  in  large  amount  only 
iches  it. 

|The  proteid  matter  in  the  food  combines  with  part  of  the  hydro- 
iC  acid,  which  is  then  known  as  comhlned  add  and  does  not  redden 
Lus  paper.  As  this  combination  is  immediate,  it  follows  that  no  free 
is  found  in  tbe  gastric  contents  until  the  amount  secreted  is  more 
enough  to  saturate  the  various  albuminous  attinities.  It  is  for  this 
Bon  that,  as  already  mentioned,  salivary  digestion  may  continue  in 
stomach  for  some  time  after  the  comtiiencement  of  gastric  digestion, 
wording  to  Ehrlich  the  amount  necessary  to  saturate  the  affijiities  of 
grammes  of  various  articles  of  diet  is  as  follows : 

Be<*f  (boiled) 2.0  gmmmes  uf  pure  IICL 

3IiUt«m  (boili-d) L9        ** 

Veal  (hriiledj     .....  2.2         •*  "            ** 

Pork  (U^xVhX) l.fi        "  " 

Ham  <t>oilecb 1.8        •*  **           ** 

Sweiitbmwl  (Ixiiled)      *         ...  0.9         **  **           ** 

Wheal  bRwl (J  H        **  - 

Rye  bread t>.5        " 

8  wins  clievse 2.6**  **           ** 

^UlkdOOcc.)        ....        0,^2-0.43'*  "        -  " 

regards  the  formation  of  pepsin  and  acid,  the  former  is  produced 

central  or  chief  cells  of  the  cardiac  glands,  and  also  most  likely 

similar  cells  in  the  pyloric  glands ;  the  acid  is  chiefiy  found  at  the 

of  the  mucous  membrane,  but  is  in  all  probability  formed  by  the 

cells  of  the  cardiac  glands,  hence  called  oxyntic,  as  no  acid  is 

by  the  pyloric  glands  in  which  this  variety  of  cell  is  absent. 

be  acid  is  probably  formed  from  materials  in  the  blood  and  results 

a  combination  of  common   salt  with   monosodic   orthophosphate 
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(XaH,PO.  +  NaCl  =  Na,HPO,  +  HCl);  the  disodic  orthophosphate  ■ 
then  reconverted  by  the  action  of  carbonic  acid  and  water  (Xa,HPO,+ 
CO,  +  H.O  =  NaH.PO,  +  NaHCOJ :  all  these  salts  are  found  in  tiie  bkoi 

The  ferment  Pejmn  can  \ye  procured  by  digesting  portions  of  the  mucous 
brane  of  the.  stomach  in  cold  water,  after  they  have  been  macerated  for  some  tiM 
in  water  at  a  temperature  27*^— 37.8'  C.  (80'— 100"  F.).  The  warm  water  dMni 
various  substances  as  well  as  some  of  the  pepsin,  but  the  cold  water  takes  up  Kitb 
else  than  pepsin,  which  is  contained  in  a  grayisli-brown  viscid  fluid,  on  evtpoitti|| 
the  cold  solution.  The  addition  of  alcohol  throws  down  the  pepsin  in  graTish-vldl 
flocculi.  Glycerine  also  has  the  proptTty  of  dissolving  out  the  ferment:  and  if 
mucous  membrane  be  finely  minced,  and  dehydiated  by  absolute  alcohol,  a  poiv 
ful  extract  may  be  obtained  by  macerating  it  in  glycerine. 

Functions. — The  chief  function  of  gastric  juice  is  such  alteratioo 
proteid  food-stuffs  as  will  lead  to  their  ready  absorption  and  such  modi 
cation  as  will  favor  their  further  digestion  (as  far  as  ueeessaiy)  in 
intestines ;  gastric  digestion  is  thus  both  a  complete  and  a  prehminfl] 
j)rocess.  Less  important  functions  are  the  antiseptic  action,  coagulitil 
of  milk,  and  inversion  of  disaccharides  into  monosaccharides.  The  ( 
digestive  power  of  the  gastric  juice  depends  on  the  pepsin  and  add 
tained  in  it,  both  of  whicli  are,  under  ordinaiy  cii*cumstance$,  neceMi 
for  the  process. 

The  general  effect  of  digestion  in  the  stomach  is  the  con  version  of  til 
food  into  r/it/fnf,  a  substance  of  varying  composition  according  to  4 
nature  of  tht*  food,  yi*t  always  presenting  a  diaracteristic  thick,  pnlti 
ceous,  grunious  fv^nsisteiict^,  with  the  undigested  portions  of  the  foi 
mixed  in  a  niori*  iiuid  substance,  and  a  strong,  disagreeable  acid  odor 
taste. 

Til  is  action  on  ])roteids  may  l)e  shown  by  adding  a  little  gastric  juil 
(natural  or  artiticial)  to  some  dilutt^d  egg-albumin,  and  keeping  the 
tare  at  a  temj)erature  of  about  ,S7.8'  C.  (100^  F.);  it  is  soon  found tJ« 
the  albumin  cannot  hv  j)n»cii>itated  on  boiling,  ])ut  that  if  the  solutioa 
neutralized  with  an  alkali,  a  ]>n»ci])itate  of  acid-albiunin  is  thrown  dofi 
After  a  wliib*  tlh»  acid-albumin  disapj^ears,  so  that  no  precipitate  r 
on  neutralization,  and  proj)er  analysis  will  show  that  all  the  albumin  hi 
been  converted  into  other  })rotcid  substances,  viz.,  proteoses  and  jify'^i* 
The  process,  as  is  the  case  in  salivary  digestion,  is  never  complete  I 
the  final  result  is  always  a  mixture  of  i)ej)tones  with  proteoses  which  ci 
not  be  further  ])e|U()nized:  the  relative  proportions,  of  course,  dei>end 
the  duration  {»f  the  ])roeess.  A  side  j)roduct  is  found  (as  an  iusoluh 
resi(bu»)  in  artitieial  K'^^^tric  di.Lrestion  which  gives  ])ractioally  all  the  pK 
teid  reactions  antl  is  soluble  in  tlilute  alkali,  though  insoluble  inwaW 
sodium  chloride,  or  dilute  acid.     This  is  known  as  ayiti-alhtwid  anil 
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tohanged  into  peptone  by  prolonged  digestion  j  it  does  uot  occnr  in 
Biological  gastric  digestion.  The  commonest  proteose  is  tlie  one 
Ded  from  albnniin  and  is  known  as  albiimose :  the  class  name,  how- 
r,  is  proteose,  and  this  name  is  used  in  the  subsequent  descriptions  of 
digestive  processes. 

ChamrteriJitics  of  I*eptones. — Peptones  have  a  certain  characteristic 

ch  distinguishes  them  from  other  proteids.     They  aie  dtffusiblef  i.e., 

r  |X)ssess  tlie  property  of  |iassing  through  animal  membranes. 

ji  tlieir  ditinsibility  peptones  differ  remarkably  from  egg-albumin,  and 

ills  diffusibility  depends  one  of  tlieir  chief  uses.     Egg-albumin  as 

I,  even  in  a  state  of  solution,  would  be  of  little  service  as  food,  inas- 

as  its  indiffusibility  would  efifectually  prevent  its  passing  by  absorp- 

into  tlie  blood-vessels  of  the  stomach  and  intestinal  canaL     When 

letely  changed  by  the  aetion  of  the  gastric  juice  into  peptones,  albu- 

\is  matters  dlffme  readily,  and  are  thus  quickly  absorbed. 

eptones  are  not  found  in  the  blood,  even  of  the  vessels  immediately 

d  in  absorption  from  the  stomach  and  intestines.     After  their 

on,    therefore,    by  the   epithelial    cells,   they   must,    probably, 

IPgo  a  synthetic  change,  appearing  in  the  blood  as  albumins  and 

lulins,  which  are  not  readily  diffusible  and  which  occupy  the  same 

e  as  the  proteids  from  which  the  peptones  were  derived, 

Products  of  Gmtric  Dif/estlon. — The  proteid  m  first  changed  into  syn- 

1^  or  acid  proteid,  by  the  combined  action  of  the  pepsin  and  acid. 

tgh  the  acid  alone  is  capable  of  accomi>lishing  this,  the  fact  that  it 

not  da  so  physiologically  is  proven  by  the  great  length  of  time  re- 

\dj  in  laboratory  experunents,  for  the  change.     The  next  change  is 

Ion  version  of  the  syntomn  into  proteoses  which,  according  to  Neii- 

t&Tf  occurs  in  two  successive  stages.     The  first  of  these  stages  is  the 

^rsion  of  syntomn  into  the  primary  proteoses,  7.^'.,  proto-proteose  and 

proteose  j  the  second  is  the  conversion  of  both  proto-proteose  and 

proteose    into   the   secondary  proteoses,    i.^.,     deutero-proteose. 

ast    change  is  the  conversion  of  the  doiitero- proteose  into  j)eptoiie ; 

jiaoge   does  not  occur  to  any  great  extent  physiologically  and  the 

Dfies  always  predominate.     Schematically  the  changes  in  the  proteids 

^  repreaented  as  follows : 

PrDteid. 

I 
Byntoiiin  (acid  proteid). 


Hetero' proteose. 

I 
De  u  tero  -  protf  oae. 

Peptone. 
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The  action  of  pepsin  is  one  of  hydrolysis  and  the  products  aie  hyd 
forms  of  proteid.  The  acid  is  not  only  essential  to  the  action  of  pc 
but  it  also  aids  digestion  by  causing  the  proteids  to  swell.  That  tli 
tion  is  important  is  proven ,  in  laboratory  experiments,  by  the  iner 
length  of  time  required  for  digestion  when  fibrin  has  been  wrapped 
thread  and  thus  prevented  from  swelling. 

Reactions  of  Proteoses, — The  proteoses  cannot  be  coag^ulated  by 
All  are  soluble  in  salt  solution.  All  are  precipitated  by  picric  add 
saturation  (after  neutralizing)  with  ammonium  sulphate.  All  giv 
Biuret  test,  copper  sulphate  producing  a  precipitate  which  redissoh 
the  addition  of  caustic  potash  and  forms  a  rose  red  solution.  Th( 
mary  proteoses  are  precipitated  by  strong  nitric  acid,  also  by  aoetv 
And  potassium  ferrocyanide,  and  by  saturation  with  sodium  chlorid 
magnesium  sulphate.  The  secondary  proteoses  are  not  piecipita:b 
these  reactions  just  mentioned  but  are  characterized  by  the  fact  that 
precipitates,  when  formed,  disappear  on  warming  and  reappear  on 
ing.  Proto-proteose  is  distinguished  by  being  soluble  in  water 
hetero-proteose  is  not. 

Peptone  reacts  to  the  same  test  as  deutero-proteose,  but  is  not  pr 
tated  on  saturation  with  ammonium  sulphate. 

Circumstances  favoring  Gastric  jyigestion, — 1 .  A  temperature  of : 
37.8°  C.  (100°  F.) ;  at  6"  C.  (32°  F.)  it  is  delayed,  and  by  boiling 
togetlier  stopped.  2.  An  acid  medium  is  necessary.  Hydrochloric 
best  acid  for  the  purpose.  Excess  of  acid  or  neutralization  stops  the 
ess.  3.  The  removal  of  the  products  of  digestion.  Excess  of  pe 
ielays  tlie  action. 

a.  Fibrin  is  first  dissolved,  forming  a  solution  of  globulins.  Tl 
iermediate  j)roducts  of  the  digestion  of  globulins  are  called  global 
of  vitellin,  vitellosos;  of  casein,  caseinoses;  of  myosin,  myosii 
These  are  practically  the  same  as  albiimoses,  and  are  included  und< 
term  proteoses. 

h,  Proteids, — All  proteids  are  converted  by  the  gastric  juice  intc 
teoses  and  peptones,  and,  therefore,  whether  they  be  taken  into  the 
in  meat^  eggs,  milk,  bread,  or  other  foods,  proteoses  and  peptone  art 
the  resultant. 

c.  Milk  is  curdled,  the  casein  being  precipitated,  and  then  disso 
The  curdling  is  due  to  a  special  ferment  of  the  gastric  juice,  and  i 
due  to  the  action  of  the  free  acid  only.  The  effect  of  rennet,  whid 
decoction  of  the  fourth  stomach  of  a  calf  in  brine  (rennet),  has  long 
known,  as  it  is  used  extensively  to  cause  precipitation  of  casein  in  c 
manufacture.  The  ferment  which  produces  this  curdling  action  i 
tinct  from  pepsin,  and  is  called  rennin. 
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Upon  pure  oUxigino^jA  principles  the  gastrio  juioelias  no  action.     In 

case  of  adipose  tissue,  its  eifect  is  t<j  dissolve  the  areolar  tissue,  albu- 

»ous  cell-walls  J  etc,,  which  eater  into  its  composition,  by  which  means 

fat  is  able  to  mingle  more  uniformly  with  the  other  constituents  of 

^  thyme. 

The  gastric  fluid  acts  as  a  general  solvent  for  some  of  the  snUne  con- 
uents  of  the  food,  as,  for  example,  paiticles  of  common  salt,  which 
f  happen  to  have  escaped  solution  in  the  saliva ;  while  its  acid  may 
ble  it  to  dissolve  some  other  salts  which  ai'e  insoluble  in  the  latter  or 
rater, 

€.  Upon  starches  the  gastric  juice  has  no  action,  but  by  the  aid  of  its 
iochloric  acid  it  inverts  the  disaccharides  into  monosaccharides  to  a 
ain  extent,  changing  cane  sugar  into  dextrose ;  the  ferment  gin  case  (if 
tent)  may  have  a  similar,  though  unimportant  and  slight,  action* 
5^.  The  action  of  the  gastric  juice  in  preventing  and  checking  piitre- 
ion  has  been  often  directly  demonstrated.  Indeed,  that  the  secretion 
eh  the  food  meets  with  in  the  stomach  is  tnttistptie  in  its  action,  is 
%  might  be  anticipated  from  the  proneness  to  decomposition  of  organic 
lets,  such  as  those  used  as  food,  especially  under  the  influcDce  of 
mth  and  moisture.  It  is  due  to  the  antiseptic  action  of  the  gastric 
&  that  disease-germs  are  often  destroyed  in  the  sttmxaeb,  and  tlie  i>er- 
Is  saved  from  an  attack  of  illness. 

7¥me  oceripted  in  Gastric  Digest  hm. — Under  ordinary  conditions,  from 
B  to  four  hours  may  be  taken  as  the  average  time  occupied  by  the 
Stiou  of  a  meal  in  the  stomach.  But  many  circumstances  will  modify 
ate  of  gastric  digestion.  The  chief  are:  ihenatitreoi  the  food  taken 
its  qimntifj/  (the  stomach  should  be  fairly  tilled — not  distended) ;  the 
that  has  elapsed  since  the  last  meal,  which  should  beat  least  enough 
he  stomach  to  he  quite  clear  of  food ;  the  amount  of  exercise  previous 
subsequent  to  a  meal  (gentle  exercise  being  favorable,  over-exertion 
rious  to  digestion) ;  the  state  of  mmd  (tranquillity  of  temper  being 
Itlaly  in  most  eases,  to  a  quick  and  due  digestion),  and  the  bodily 

lavements  of  ths  Stomach. — ^The  gastric  fluid  is  assisted  in  accom* 
ing  its  share  in  digestion  by  the  movements  of  the  stomach.  In 
vorous  birds,  for  example,  the  contraction  of  the  strong  muscular 
rd  affords  a  necessary  aid  to  digestion,  by  grinding  and  triturating 
lard  seeds  which  constitute  paxi;  of  the  food.  But  in  the  stomachs  of 
ind  other  Mammalia,  the  movements  of  the  muscular  coat  are  too 
&  to  exercise  any  such  mechanical  force  on  the  food;  neither  are 
needed,  for  mastication  has  already  done  the  mechanical  work 
gizzard;  and  experiments  have  demonstrated  that  substances  are 
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digested  even  inclosed  in  perforated  tubes,  and  consequently  proteciai; 
from  mechanical  influence. 

The  normal  actions  of  the  muscular  fibres  of  the  human  Btomick 
appear  to  have  a  three-fold  purpose:  (1)  to  adapt  the  stomach  totb 
quantity  of  food  in  it,  so  that  its  walls  may  be  in  contact  with  the  fool 
on  all  sides,  and,  at  the  same  time,  may  exercise  a  certain  amount  i 
compression  upon  it;  (2)  to  keep  the  orifices  of  the  stomach  closed  ufl 
the  food  is  digested ;  and  (3)  to  perform  certain  peristaltic  movemeB^ 
whereby  the  food,  as  it  becomes  chymified,  is  gradually  propelled  tomt 
and  ultimately  through,  the  pylorus.  In  accomplishing  this  latter  en^ 
the  movements  without  doubt  materially  contribute  toward  effediif  & 
thorough  intermingling  of  the  food  and  the  gastric  fluid. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  contnctfli 
its  orifices  not  more  firmly  than  the  rest  of  its  walls;  but,  if  examiBei 
shortly  after  the  introduction  of  food,  it  is  found  closely  encircling  id 
contents,  and  its  orifices  are  firmly  closed  like  sphincters.  The  caidin 
orifice,  every  time  food  is  swallowed,  opens  to  admit  its  passage  to  iki 
stomach,  and  immediately  again  closes.  The  pyloric  orifice,  during  tW 
first  part  of  gastric  digestion,  is  usually  so  completely  closed,  that  eTai 
when  the  stomach  is  separated  from  the  intestines,  none  of  its  contoiV 
escape.  But  toward  the  termination  of  the  digestive  process,  thepyloni 
seems  to  offer  less  resistance  to  the  passage  of  substances  from  the  stoB- 
ach;  first  it  yields  to  allow  the  successively  digested  portions  go  throuj^ 
it;  and  then  it  allows  the  transit  of  even  undigested  substances.  Ita^ 
pears  that  food,  so  soon  as  it  enters  the  stomach,  is  subjected  to  a  kind 
of  peristaltic  action  of  the  muscular  coat,  whereby  the  digested  porrioDl 
are  gradually  moved  toward  the  pylorus.  The  movements  are  obserred 
to  increase  in  rapidity  as  the  process  of  chymification  advances',  and  an 
continued  until  it  is  completed. 

The  contraction  of  the  fibres  situated  toward  the  pyloric  end  of  til 
stomacli  seems  to  bo  more  energetic  and  more  decidedly  peristaltic  tha 
those  of  the  cardiacs  portion.  Tims,  it  was  found  in  the  case  of  St  Mtf- 
tin,  tliat  wlien  the  bulb  of  the  thermometer  was  placed  about  three inchi 
from  the  pylorus,  through  the  gastric  fistula,  it  was  tightly  embrace! 
from  time  to  time,  and  drawn  toward  the  pyloric  orifice  for  a  distanoel 
three  or  four  inches.  The  object  of  this  movement  appears  to  be,i 
just  said,  to  carry  the  food  toward  the  pylorus  as  fast  as  it  is  formed  ial 
chyme,  and  to  propel  the  chyme  into  the  duodenum;  the  undigerti 
portions  of  food  being  kept  back  until  they  are  also  reduced  intochjai 
or  until  all  that  is  digestible  has  passed  out.  The  action  of  these  fibrt 
is  often  seen  in  the  contracted  state  of  the  pyloric  portion  of  the  stoi 
ach  after  death,  when  it  alone  is  contracted  and  firm,  while  the  cardiil 
portion  forms  a  dilated  sac.  Sometimes,  by  a  predominant  action  I 
strong  circular  fibres  placed  between  thecardiaand  pylorus,  the  two p* 


)b  aa  they  are  called »  of  the  stomach,  are  partially  separated 
ach  other  by  a  kind  of  liour-glass  contractiozu  By  iiieaDs  of  the 
Itic  action  of  the  miisciikr  coats  of  the  stomach,  not  merely  is 
5ed  food  gradually  propelled  through  the  pylorus,  but  a  kiud  of 

current  is  contimially  kept  up  among  the  contents  of  the  stomacli, 
•cumferential  parts  of  the  mass  being  gradually  moved  onward 
,  the  pylorus  by  the  eon  traction  of  tlie  muscular  fibres,  while  the 
I  portions  are  propelled  in  the  opposite  direction,  namely  toward 
rdiac  orific©;  in  this  way  is  kept  up  a  constant  circulation  of  the 
te  of  the  viscns,  highly  conducive  to  their  free  mixture  with  the 

fluid  and  to  their  ready  digestion. 

»  movcnieata  of  tbe  stomacli  have  been  recently  studied  hj'  Cannon  by  the 
be  RfM*Dtgen  ray  and  an  opaque  substanct\  bismuth  siibuitmU'.  mixeil  with 
jic  contents.     His  results,  in  ibe  niaiu,  confirm  ibust?  of  previous  observers. 

luence  of  the  Nervous  System, — The  normal  movements  of 
ach  during  gastric  digestion  do  not  appear  to  be  so  closely  con- 


5a— Vcrjr  diafipr&miziAtlc  ropreflentation  of  the  nenres  of  thu  alimtintArj  caoAl.    Oe  to  Ect, 
■fl  parte  of  the  alimenury  csaoal  from  oBBophi^nis  to  rectum:  L.  V,  left  iraguft,  eudiiiir  on 


H,  recurrent  Lai7iis|eal  zienre,  suppJyiiiK  upjier  part  of  oBSop^afrus;  H.V.  ritrht 
niiur  icn  raf^ns  in  a'^sophjueal  pleanis:  ce^pi  Hupnlyitiff  tbe  j>osterior  pan  of  stoniacu,  and 
mM  B'V'  to  join  the  solar  pfezus,  hen?  represeoteJ  by  u  Khigfe  k&ukIjod,  and  ^unDtx^tJptl  with 


or  mesenteric  K&Qf^lion  ni-gJ.:  a,  branches  from  the  f^jhir  i>iexuH  u>  numumii  and  siiiall 
pad  from  Ih^  tue»enteric  f^auKlJa  to  the  lar|rt>  int<«titj*?:  Spl.nml,  lar^ft*  wplaaeliulc  oervtf. 
Dm  ttie  tborudo  ganglia  and  rami  communjcaoit^a;  r.c,  teloogmi^  to  dc^rsal  oerveii  from 
the 9th  (or  10th>;  Spl.mln.,  small Rplauchoic  tn-rve  ehuilarly  from  the  lotb  and  lUh  dorsal 
riMse  both  Join  the  aolar  plerui;,  and  theucf  iiJiUct'  tlieir  wav  to  the  lUhtieDtarj"  canal;  c  r., 
ym  the  K^uigUa,  etc.*  belonging  to  1 1th  an«l  Itlth  dui-sal  and  1st  and  $d  lumbar  nerrea» 
g-  to  th«  Inferior  mesaiiterle  gauj;!:lia  (<»r  plexinsu  m.^l  r  and  thenre  by  the  hvpogaatrlo 

PL.  and  the  hypoKOAtrlc  nerve,  n.  by  p.,  and  tb*-  hyjjogaBtric  plexm*,  pLbyp.^  to  the  cTrctiliir 
tbe  rectum  ;  1  r.,  nerves  from  tbe  'M  and  3d  tftcral  nerves,  B.S,  SJl  (nenri  eHgentes) 
^  bj  tbe  hjrpo^astric  pleioia  to  the  longitudiual  mooelefl  (MF  the  rectum.    <3L  Foster.} 


with  the  plexuses  of  nerves  and  ganglia,  contained  in  its  walls  as 
merly  supposed*     Tlie  action,  however,  appears  to  be  set  up  by 
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the  presence  of  food  withio  it.  The  stomach  is,  moreover,  directlT  cod- 
Dected  with  the  higher  nerve-centres  by  means  of  branohee  of  the  vagi 
and  of  the  splanchnic  nerves  through  the  solar  plexns. 

First  as  to  the  funotion  of  the  vagi  in  connection  with  the  gis^ 
movements.     Irritation  of  these  nerves  produces  contraction  of  the  stom- 
ach, including  the  sphincter  pylori.     The  vagi,  then,  are  the  motati 
nerves  to  the  stomach. 

Secondly  aa  to  the  other  nerve-fibres,  which  reach  the  stomach  utl 
intestines  through  tlie  solar  plexus.     These  fibres  pass  from  thespioilJ 
cord  in  the  anterior  roots  of  the  nerves  from  the  sixth  tothetwdttl 
dorsal,  passing  in  the  splanchnic  nerves  to  the  solar  plexnsi  and  tbenctj 
to  the  stomach.     Stimulation  of  the  splanchuics  causes  stoppage  of  ! 
muscular  movements  as  well  liS  relaxation  of  the  sphincter  pylori- 
It  seems  probable  that  automatic  peristultic  contraction  is  inherent 
in  the  museuhir  coat  of  the  stomach,  and  that  the  central  nervous  STSteni  j 
is  only  employed  to  regulate  it  by  impulses  passing  down  by  the  vagi  or  j 
ap Ian ch n  i  c  n er vea. 

Next  as  to  the  influence  of  the  nerves  on  the  secretion  of  the  gastric 
jnice.  It  has  been  known  for  a  long  time  that  the  secretion  of  gAstrio 
juice  could  be  reflexly  stimulated*  For  example.  Bidder  and  SchmidtJ 
observed  in  a  clog  with  a  gaatrio  fistula  that  the  mere  sight  of  food  1 
sufficient  to  cause  a  flow  of  gastric  juice.  Quite  recently,  Pawlorl 
proved  that  secretory  fibres  are  carried  to  the  gastric  glands  in  tbevagml 
trunk.  His  experiment  consisted  in  establishing  a  gastric  fistula,  and  1 
some  days  later  in  dividing  the  cesophagus  in  the  neck  in  such  a  mannerj 
that  any  food  swallowed  would  be  diverted  to  the  exterior  Uironghtilj 
cut  end.  "Fictitious  meals"  could  then  be  given  to  the  animal, aDdtli#[ 
effect  upon  the  stomach  noted,  As  long  as  the  vagi  were  intact,  certi 
foods  (meats)  caused  a  fiow  of  gastrio  juice,  though  none  of  the 
reached  the  stomach.  When  the  vagi  had  been  cut,  no  secretion 
cnrred.  Moreover,  he  found  that  direct  stimulation  of  the  vagus  pro- j 
duced  a  fiow  of  gastrio  juice. 

The  subject  has  bt^en  still  further  ©Inoidated  by  some  experimentaoll 
Heidenhain,  relative  to  the  normal  mechanism  of  secretion.  He  < 
out  a  portion  of  the  fuudic  end  of  the  stomach,  converting  it  intolj 
blind  pouch  opening  to  the  exterior,  while  the  continuity  of  the  Btomi 
itself  was  established  by  sutures.  Food  given  to  the  animal  caoseJJ 
secretion  in  the  cul-de-sao  as  well  as  in  the  stomach.  From  the  i 
menta  he  concludes  that  normally  there  occur  a  primary  secretion  du«l 
the  mechanical  atimnlation  of  the  mucous  membrane  and  coiifiiie*!^ 
isolated  spots,  and  a  secondary  secretion  due  to  the  absorption  of  i 
products  of  digestion,  which  comes  from  the  whole  mucous  membra 
Khigine  haa  carried  these  experiments  still  further  and  obtained^ 
complete  results.     lie  haa  investigated  the  effects  of  various  chen 
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betaiices  upon  th©  flow  of  secretion,  and  has  found  that  peptojie  is  the 
t  of  all  stimuli.  How  U  acta  is  unknown.  Khigine  believes  that  it 
cts  upon  the  afferent  nerve-iUaments  in  the  atomacb,  And  that  theeffeot 
I  reflex. 

The  influence  of  the  higher  nerve-centres  on  gastric  digestion,  as  in 
lie  case  of  mental  emotion,  is  too  well  known  to  need  more  than  a  ref- 
orence, 

*  Digestion  of  the  Stomach  after  Death, — If  an  animal  die  dnring  the  pro- 
fess of  gastric  digestion,  and  when,  therefore,  a  quantity  of  gastric  juice 
I  present  in  the  interior  of  the  stomach,  the  walla  of  this  organ  itself  are 
Hdquently  themselves  acted  on  by  their  own  secretion,  and  to  such  an 
^ent  that  a  perforation  of  considerable  size  may  be  producedj  and  tlie 


u 


>  \ 


W^.  iSlL'-Auerbach'S  aervf^-plexus  lo  small  iotestioe.  The  plexus  coiisJats  of  abriUated  RUb- 
iw,  fciid  is  tnB4le  up  of  trabeculi©  of  varioua  tliickiiesses.  Nucleus- like  eleii)t*nt8  anU  Kanglioa- 
Are  Embedded  Id  the  plemiiB,  the  wbola  of  whicih  la  kiclosed  in  a  nucleated  sheath.    (Klifla.} 

Dtents  of  the  stomach  may  in  part  escape  into  the  cavity  of  the  abdo- 
n.  This  phenomenon  is  not  infrequently  observed  in  post-mortem  ex- 
Mnations  of  the  human  body.  If  a  rabbit  be  killed  during  a  period 
digestion,  and  afterward  exposed  to  artificial  warmth  to  prevent  its 
tUperature  from  falling,  not  only  the  etomach,  but  many  of  the  sur- 
kUiding  parts  will  be  found  to  have  been  dissolved  (Pavy), 
From  these  facts,  it  becomes  an  interesting  question  why,  daring 
,  the  stomach  is  free  from  liability  to  injury  from  a  secretion,  which, 

death,  is  capable  of  such  destructive  effects. 

It  is  only  necessary  to  refer  to  the  idea  of  Bernard,  that  the  living 

'teach  finds  protection  from  its  secretion  in  the  presence  of  epithelium 

i  mucus,  which  are  constantly  renewed  in  the  same  degreo.tbat  they 

confltantly  dissolved,  in  order  to  remark  that  although  the  gastric 
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mucus  is  probably  protective,  this  theory,  so  far  as  the  epithelium  ii 
conoemed,  has  been  disproved  by  experiments  of  Pavy's,  in  whidi  flu 
mucous  membrane  of  the  stomachs  of  dogs  was  dissected  off  for  a  smaD 
space,  and,  on  killing  the  animals  some  days  afterward,  no  sign  of  digei- 
tion  of  the  stomach  was  visible.  *'  Upon  one  occasion,  after  remoTin; 
the  mucous  membrane,  and  exposing  the  muscular  fibres  over  a  space 
of  about  an  inch  and  a  half  in  diameter,  the  animal  was  allowed  to  lira 
for  ten  days.  It  ate  food  every  day,  and  seemed  scarcely  affected  by 
the  operation.  Life  was  destroyed  while  digestion  was  being  carried  on, 
and  the  lesion  in  the  stomach  was  found  very  nearly  repaired;  new  mai- 
ter  had  been  deposited  in  the  place  of  what  had  been  removed,  and  thi 
denuded  spot  had  contracted  to  much  less  than  its  original  dimensioiUi* 
Pavy  believes  that  the  natural  alkalinity  of  the  blood,  which  circtt- 
lates  80  freely  during  life  in  the  walls  of  the  stomach,  is  sufficient  t» 
neutralize  the  acidity  of  the  gastric  juice;  and  as  may  be  gathered  froa 
what  has  been  previously  said,  the  neutralization  of  the  acidity  of  the 
gastric  secretion  is  quite  sufficient  to  destroy  its  digestive  powers;  tat 
the  experiments  adduced  in  favor  of  this  theory  are  open  to  manyobjeo- 
tions,  and  afford  only  a  ne<?ative  support  to  the  conclusions  they  are  in- 
tended to  prove.  Again,  the  pancreatic  secretion  acts  best  on  protdfc' 
in  an  alkaline  medium;  but  it  has  no  digestive  action  on  the  living ii- 
testino.  No  satisfactory  tlieory  of  the  reason  why  the  stomach  doeanol 
digost  itself  has  yet  been  suggested. 

VoMITIXCf. 

The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  likethit 
of  mucus  or  other  matter  from  the  lungs  in  row^^iw^,  is  preceded  i^f 
an  inspiration;  tlie  glottis  is  then  closed,  and  immediately  afterward  the 
abdominal  niuseles  strongly  act;  but  here  occurs  the  difference  in  the 
two  actions.  Instead  of  the  vocal  cords  yielding  to  the  action  of  the  a^' 
dominal  muscles,  they  remain  ti*rhtly  closed.  Thus  the  diaphragm beinj^ 
unable  to  go  up,  forms  an  unyielding  surface  against  which  the  stomach 
can  be  pressed.  In  this  Avay,  as  well  as  by  its  own  contraction,  thediir 
phragm  is //><//,  to  use  a  teclmical  }>hrase.  At  the  same  time  the  cflrrfiaf 
sphincter-muscle  l)eing  relaxeil.and  the  orifice  which  it  naturally  gnardl' 
being  actively  dilatevl,  while  the  pf/Jora,<  is  closed, and  the  stomach  itself 
also  contracting,  the  action  of  the  abdominal  muscles,  by  these  metf*^ 
assist eil,  expels  the  contents  of  the  organ  through  the  oesophago^^ 
pharynx,  ami  month.  'I'he  reversed  peristaltic  action  of  the  oesophagi' 
j>roba])Iy  imTeases  the  ctTcct. 

It  has  been  frcfjucntly  stated  that  the  stomach  itself  is  quite  passim* 
during  viuniting,  and  that  the  exjmlsion  of  its  contents  is  effected  solelf 
by  the  pressure  exerted  upon  it  wlien  the  capacity  of  the  abdomen  is  di- 
minished by  the  contraction  of  the  diaphragm,  and  subsequently  of  thl" 
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iBal  muscles.  The  experiments  and  observntiuySj  uowever,  which 
ppoeed  to  coTiOrm  this  stiitpment,  only  show  that  the  contrflction 
abdominiil  muscles  alone  is  sufficient  to  expel  matters  from  an 
jting  bag  through  the  a^sophagus;  and  that,  under  very  abnormal 
letances,  the  stomach,  by  itself,  cannot  expel  its  contents.  They 
means  show  that  in  ordinary  vomiting  the  stomach  ig  passive; 
a  the  other  hand,  there  are  good  reasons  for  believing  the  contrary. 
is  true  that  facts  are  wanting  to  demonstrate  with  certainty  this 
of  the  stomach  in  vomiting;  but  some  of  the  cases  of  fistulous 
[g  into  the  organ  appear  to  support  the  belief  that  it  does  take 
and  the  analogy  of  the  case  of  the  stomach  with  that  of  the  other 
viscera,  as  the  rectum  and  bladder^  raay  bo  also  cited  in  confirm- 

e  mtiitcfe^  concerned  in  the  act  of  vomiting,  are  chiefly  and  pri- 
thofie  of  (he  abdomen;  the  diftphragm  also  acts, but  usually  not  as 
ttscles  of  the  abdominal  walls  do«  They  contract  and  compress 
maach  more  and  more  toward  the  diaphragm;  and  the  diaphragm 
L  is  usually  drawn  down  in  the  deep  inspiration  that  precedes  each 
vomiting)  is  fixed,  and  presents  an  unyielding  surface  against 
the  stomach  may  be  pressed.  The  diaphragm  is,  therefore,  as  a 
bssive^  during  the  actual  expulsion  of  the  contents  of  the  stomach, 
ere  are  grounds  for  believing  that  sometimes  this  muscle  actively 
sts,  90  that  the  stomach  is,  so  to  speak,  squeezed  between  the  de- 
ag  diaphragm  and  the  retracting  abdominal  walls. 
lie  persons  possess  the  power  of  mmliing  at  wUl,  without  applying 
due  irritation  to  the  stomach,  but  simply  by  a  voluntary  effort. 
38  also  that  this  power  may  be  acquired  by  those  who  do  not  nat- 
poBse§B  it,  and  by  continual  practice  may  become  a  habit.     There 

talso  of  rare  occurrence  in  which  persons  habitually  swallow 
hastily,  and  nearly  unraasticated,  and  then  at  their  leisure  re- 
kte  it,  piece  by  piece,  into  their  mouth,  remasticate,  and  again 
r  it,  like  members  of  the  ruminant  order  of  Mammalia. 
I  vai'ious  nerve-actions  concerned  in  vomiting  are  governed  by  a 
lentre  situated  in  the  medulla  oblongata. 

5  sensory  nerves  are  the  fifth,  glosso-pharyngeal  and  vagus  prin- 
;  but,  as  well,  vomiting  may  occur  from  stimulation  of  sensory 
from  many  organs,  e.g,^  kidney,  testicle,  etc.     The  centre  may 

fimulated  by  impressions  from  the  cerebrum  and  cerebellum, 
centrrfl  vomiting  occurring  in  disease  of   those  parts.     The 
E  impulses  are  carried  by  the  phrenics  and  other  spinal  nerves. 


The  Intestines. 

itestinal  canal  is  divided  into  two  chief  portions,  named  from 
Brences  in  diameter,  the  mnaii  and  large  intestine  (fig,  220). 
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These  are  continiiona  ivith  ouch  other,  and  commanioata  bf  mctiif  4 
an  opening  giiard«?d  by  a  ytklve,  the  ileocmcal  valve,  which  allows 
passage  of  the  products  of  digestion  from  the  small  into  the  krge  boi 
but  notj  under  ordiuury  circumstanees,  in  the  opposite  direction. 

The  Small   Intestine, — The  Small  Intestine,  the  average  len 
of  which  in  an  adult  is  about  twenty  feet,  has  been  divided,  for  oonfe 
ieoee  of  description,  into  three  portions,  viz.,  the  duodenum^  whic 
tends  for  eight  or  ten  inches  beyond  the  pylorus;  the  jejunu1nf^ 
forms  two-fifths,  and  the  ileum,  which  forms  three-fifths  of  thei 
the  caiKiL 

Siructure. — The  small  intestine,  like  the  stomach,  is  constmo 
four  principal  coats,  viz.,  the  serous,  muscular,  sub-mucoug,  and  i 


•^ 


Fig.mt, 


Fig' 


Ftff.  UiSO*— BoriKHital  section  of  a   small  frA^^ment  of  the  mitcous  membrvne,  tod 
eottiv  crypt  of  LieberktUio  aod  parts  ot  «»vt>m)  othc^rs. 

Fi2«  2QL— I'ieoe  of  smoJl  inti^tiDe  <prtfv1ou«l3'  dlst«Dded  and  hitfHiftWHl  by  «AeolM»t),  lild^ 
sbow  Uie  tinrnial  posit  ion  of  thtj  valvuliB  ooiiai7eiite&, 


(1.)  The  serous  coat  is  formed  by  the  visceral  layer  of  the 
neiim,  and  has  the  structure  of  serous  membranes  in  general* 

{2.}  The  itinsrular  coats  consist  of  an  internal  circular  and 
ternal  longitudinal  layer:  the  former  is  usually  considerably  the  th 
Both  alike  consist  of  bundles  of  unstriped  muscle  supported 
nective  tissue.     They  are  well  provided  with  lymphatic  vessels, ' 
form  a  set  distinct  from  those  of  the  mucous  membrane. 

Between  the  two  muscular  coats  is  a  nerve  plexas  (Aug 
plexus)  (fig*  250),  similar  in  structure  to  Meissner's  (in  the  sabn 
tissue),  but  with  more  numerous  ganglia. 

(3<)  Between  the  mucous  and  muscular  coats  is  the  Aubmucouii 
which  consists  of  connective  tissue,  in  which  numerous  blood-f 
and  lymphatics  ramify.    A  fine  plexus,  consisting  mainly  of  non-U 
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nexre-ibres,  Mmsn&r^s  plexus^  with  ganglioa  cells  at  its  nodes, 

urs  in  the  submucoua  tissue  Irom  the  fitomaeh  to  the  arms. 

(4,)  The  mucous  membra m  is  the  most  important  coat  ia  relation  to 

ie  function  of  digestion.     The  following  etnictnres,  which  enter  into 

composition,  may  now  he  successively  described : — the  valviiJm  conni- 

Im/w  /  the  villi  /  and  the  glands.    The  general  structure  of  the  mucoua 

embrane  of  the  intestines  resembles  that  of  the  stomach  (p,  360),  and, 

e  it,  is  lined  on  its  inner  surface  by  columnar  epithelium.     Adenoid 

e  (^g.  260)  enters  largely  into  its  construction;    and  on  its  deep 

■ace  is  the  nwscnlaris  fUifcosw  (mm,  fig.  265) »  the  fibres  of  which  are 

ged  in  two  layers:  the  outer  longitudinal  and  the  inner  circular. 
Valvulm  Conmrefites.^The  valvulae  conniventea  (fig.  261)  commence 
the  duodenum,  about  one  or  two  inches  beyond  the  pylorus,  and 


He.  as. 


F%.£63. 


m    They 


■ectloD  throuich  foiar  erypts  of  Lipberkflhti  from  the  LarifirAftilsestlQo  of  Um 
_  «re  lined  by  columtuir  epitheliAl  c<ella.  thr?  nuclei  t>eing;  pLaeecl  m  the  outer  part  of  the 
Th«  divMoisi  betweon  the  celln  are  seen  as  llnee  rail  Sating  f  roio  i.,  the  lumen  of  the  ctypt,  a, 
oeUa,  which  have  beeome  tn&DBfornied  into  gtiblet  cam.    x  3S0.    fKtehi  and  Noble  tSmlth.) 
9t3.--Ag^LKnd  of  LieberkUhn  In  lozigiturllEiiasectjoD.    (Brinton.) 


lining  larger  and  more  numerous  immediately  beyond  the  entrance 
he  bile  duct,  continue  thickly  arranged  and  well  developed  through- 
the  jejunum;  then,  gradually  diminishing  in  size  and  number,  they 
near  the  middle  of  the  ileum.  They  are  formed  by  a  doubling 
f^rd  of  the  mucous  membrane:  the  crescentic,  nearly  circular,  folds 
formed  being  arranged  transversely  to  the  axis  of  the  intestine,  and 
individual  fold  seldom  extending  around  more  than  ^  or  f  of  the 
bVb  circumference.  Unlike  the  rugse  in  the  oesopnagus  and  stom- 
thev  do  not  disappear  on  distention  of  the  canal.  Only  an  imper* 
notion  of  their  natural  position  and  function  can  be  obtained  hj 
at  them  after  the  intestine  has  been  laid  open  in  the  usual 
To  understand  them  aright,  a  piece  of  gut  should  be  distended 
|er  with  air  or  alcohol,  and  not  opened  until  the  tissues  have  become 
ened.  On  then  making  a  section  it  will  be  seen  that,  instead  of 
25 
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disappeariDgy  they  stand  out  at  right  anglea  to  the  genenil  soTfAcerfl 
the  mucous  membrane  (fig.  261).     Their  Innctions  are  (1)  to  aSorJ  ij 
largely  increased  surface  for  secretion  and  absorption,  and  (2)  to  prera 
the  too  rapid  passage  of  the  very  liquid  products  of  gastric  dig 
immediately  after  their  escape  from  the  stomach,   and  (3)  to 
the  more  perfect  mingling  of  tlie  latter  with  the  secretions  pon 
to  act  on  them,  bj  their  projection,  and  consequent  interference! 
an  uniform  and  untroubled  current  of  the  intestinal  contents. 

GlfindM, — The  glands  are  of  three  principal  kinds:— viz.,  those  < 
Lieberkuhn,  (2)  Brunner,  and  (3)  Peyer, 

(!•)  The  glands  or  crypts  of  Lieberkuhn  are  simple  tubular  de 


FJK-  JSi.-'TmtiEverBe  •eotfon  of  injected  Fvyer^fl  frlonda  Cfrom  KfflUker)^    Tb«  < 

taken  from  a.  preimration  m^de  by  Frey:  it  repre«rnt«  lb«  flue  CApHlarT-loofj^d  nrtirofk  i 
from  the  aiirroundlug  blood-VMSeds  Into  the  interior  of  three  of  Pi?yer*s  e«|>9ule9i  f  r»ni  ibe  I 
of  the  rabbit. 


eions  of  the  intestinal  mucous  membrane,  thickly  distribmted  OTerj 
whole  surface  both  of  the  large  and  email  intestines.     In  the  sn 
testine  they  are  Tisible  only  with  the  aid  of  a  lens;  and  their  od 
appear  as  miniite  dots  scattered  between  the  villi.     They  are  la 
the  large  intestine,  and  increase  in  size  the  nearer  they  approacll| 
anal  end  of  the  intestinal  tube;  and  in  the  rectum  their  orifices ! 
risible  to  the  naked  eye.     In  length  they  vary  from  j^  to  ^ 
inch.     Each  tubule  (fig.  263)  is  constructed  of  the  same  essential  ] 
the  intestinal  mucous  membrane,  viz.,  of  a  fine  fiicmbrana  prop 
basement  membrane,  a  layer  of  columnar  epithelium  lining  it,  maiij* 
which  are  goblet  cells^  and  capillary  Mood-vessels  covering  its  eit 
the  free  surface  of  the  columuiir  cells  presenting  a  striated  appea 


frfrnfter^s  [/lands  (fig,  265)  ure  coo  fined  to  the  rjiiodenom  ;  they 
buuiJaiit  aud  thickly  set  at  its  commeucenieut  uud  dioiioish 
la  the  duodenal m  advances.     They  are  situated  heDeath  the 

mucosae,  inihedded  iu  th6  submucous  tissue;  each  gland  is  a 
and  convoluted  tube,  lined  with  columnar  epithelium.  As 
t  in  structure  they  are  very  similar  to  the  pyloric  glands  of 
ih,  and  their  epithelium  undergoes  a  Bimilar  change  during 
but  they  are  more  branched  and 
;    nod    their    ducts   are   longer. 

The  duct  of  each  ghmd  piigaes 
m  muscularis  mucosae,  and  opens 
face  of  the  mucous  membrane* 
le  glands  of  Peijer  occur  chiefly 
^losively  in  the  small  intestine. 

found  in  greatest  abundance 
fer  part  of  the  ileum  near  the 
Talve,  They  are  met  with  in 
tions,  via.,  either  scattered  sin- 
ich  case  they  are  termed  glandiilm 
yr  aggregated  in  groups  varying 
to  three  iDchea  in  length,  and 
*-an-inch  in  width,  chiefly  of  an 
their  long  axis  parallel  wilh  that 
eatine.  In  thltj  state,  they  are 
ndnlm  agminatm^  the  groups  be- 
only  called  Petjer'^s  patches  (fig. 

almost  always  placed  opposite 
iment    of    the    mesentery.      In 

and  in  function,  there  is  no 
Ilfference    between    the  solitary 

the  individual  bodies  of  which 
^  or  patch  is  made  up.  They 
iingle  or  aggregated  masses  of 
jane  forming  lympli -follicles.     In 

Ion  in  wliich  they  have  been  most  commonly  examined,  each 
^rs  as  a  circular  opaque- white  rounded  body,  from  ^j  to  -^^  inch 
I.)  in  diameter^  according  to  the  degree  in  which  it  is  devel- 
ey  are  principally  coutained  in  the  eubmucous  coat,  but  some- 
ject  through  the  mttscularis  mucosm  into  the  mucous  mem- 
i  the  agminate  glands,  each  follicle  reaches  the  free  aurface  of 
Oe,  and  is  covered  with  columnar  epithelium.  Each  gland  ia 
1  by  the  openings  of  Lieberkilhn'a  follicles, 
jacent  glands  of  a  Peyer's  patch  are  connected  together  by 
oe.     Sometimes  the  lymphoid  tissue  reaches  the  free  surface, 


Fijf.  StiTi.  ^Vertical  BectJoQ  of  du- 
odenuDK  Bhowlup  a,  vUll;  ft,  crypta 
of  U**b<erk(ib[i,  and  c,  BruEiiier'v 
elands   tu    I  he   subEJiucosa   a^  wiLh 

and     circular    mutciilAr  ooaL    A 
CSchofl<?l£Lj 
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also  the  i 


I  with  I 


f  of  the  h 


replacing  the  epithelium,  a 

foyicles  of  the  toosil. 

Peyer*8  glands  are  surrounded  by  lymphatic  sinosea  which  d« 
penetrate  into  their  interior;  tho  interior  is,  boweTer,  traversed 
very  rich  blood  capillary  plexus.  If  the  vermiform  appendix  of  a 
bitj  which  conBista  largely  of  Peyer^s  glands,  be  injected  with  blu 
pressing  the  point  of  a  ine  syringe  into  one  of  the  lymphatic  urn 
the  Peyer^s  glands  will  appear  as  grayish  white  spacer  surrooDdei 
blue;  if  now  the  arteries  of  the  same  be  injected  with  red»  tbegni 
patches  will  change  to  red,  thus  proving  that  they  are  surroaDdo 
lymphatic  spaces  but  |>enetrated  by  blood-vessels.  The  lactealspai 
out  of  the  villi  communicate  with  the  lymph  sinuses  round  Pe] 
glands.  It  is  to  be  noted  that  Peyer's  patches  are  largest  and  i 
prominent  in  children  and  young  persons* 


Tig,  30fl^— Ajrmlnate  folUeln.  or  PVT^r^s  patdx,  tn  lb«  ft»te  of  dlstentloflL    X  ft.    (BoehB.) 

Villi.— The  Villi  (figs.  265,  267,  and  268)  are  confined  excbsifrf; 
the  mucous  membrane  of  the  small  intestine.  They  are  minute  vasci 
processes,  measiiriDg  ^  to  \  of  an  inch  (.5  to  3  mm.)  in  length,  cot 
ing  the  surface  of  the  mucous  membrane,  and  giving  it  a  pecn 
velvety,  fleecy  appearance.  Krause  estimates  their  number  at  tvd 
three  hundred  per  square  millimetre  in  the  upper  part  of  the  O 
intestine,  and  somewhat  less  in  the  lower  part.  They  vary  in  form  I 
in  the  same  animal,  and  diSer  according  as  the  l3rnaphatic  vesseb 
laeteah  which  they  contain  are  empty  or  full;  being  usually,  in 
former  case,  flat  and  pointed  at  their  summits,  in  the  latter  cylindf 
or  clavate. 

Each  villus  consists  of  a  small  projection  of  mucous  membrane; 
interior  is  supported  throughout  by  fine  adenoid  tissue,  which  forms 
framework  or  atroma  in  which  the  other  constituents  are  contained. 

The  surface  of  tlie  viUoa  ta  clothed  by  columnar  <^pithelium,  wl 
rests  on  a  fine  base nicDt  mcnibranc;  uliile  witbiu  this  arc  found,  f 


ilng  from  without  inward,  blood-vessels,  fibres  of  the  mnsmhris  mu- 
p,  and  a  Bingl©  lymphatic  or  lacteal  vessel  rarely  looped  or  braDcbed 
.  26b), 

The  epithelitim  is  continuous  with  that  liDiog  the  other  parts  of  the 

noons  Diembrane.     The  cells  are  arranged  with  their  long  axes  radiat* 

r  from   the  surface  of  the  villus  (tig.  205),  and  their  smaller  ends 

►ting  on  the  basement  membnine*     The  free  surfuce  of  the  epithelial 

His  of  the  villi,  like  that  of  the  cells  which  cover  the  general  surface 

the  muc4Dus  membrane,  is  covered  by  a  fine  border  which  exhibits  very 

pHieatastriations,  whence  it  derives  its  name,  »lriaied  baMlar  border. 

Beneath  the  basement  or  limiting  membrane  there  is  a  rich  supply  of 

Wl'Vesseh,     Two  or  more  minute  arteries  are  distributed  within  each 

lus;  and  from  their  capillaries,  which  form  a  dense  network,  proceed 

le  or  two  small  veins,  which  pass  out  at  the  base  of  the  villus. 

The  layer  of  the  muscuhiris  mucosm  in  the  villus  forms  a  kind  of 


_  397.— Vertical  aection  of  a  TiUiia  of  the  sm&U  Isteatliie  of  a  cat.  a,  Btarfated  bMllar  , 
.jcpfthfUuiu;  b,  columu&i'  i>pitlic!iliuoi;  c,  goblet  isellB:  d,  eeuiral  Jvmpb-v^eeiiel;  e,  tttnootb 
'  fibres;  f,  AdeDoki  stroaia  of  the  riUos  In  which  lymph  corpuBck'S  lie.    CKleinO 

I  hollow  cone  immediately  around  the  centnil  lacteal,  and  is^  there- 
(,  situated  beneath  the  blood- vessels.  It  is  without  doubt  instru- 
tital  in  the  propulsion  of  chyle  along  the  lacteaL 
The  lacteal  vessel  in  each  viUua  is  the  form  of  commencement  of  th& 
tphatie  system  of  vessels  *  in  the  intestines*  It  begins  almost  at  the 
i>f  the  villus  cooiinonly  by  a  dilated  extremity.  In  tho  larger  villi 
may  be  two  small  lacteal  vessels  which  join  (fig,  268),  or  the 
leiiJs  may  form  a  kind  of  network  in  the  villus.  The  last  method  is 
Jj  or  never  seen  in  tlie  human  subject,  although  common  in  some  of 
lower  animals  (a,  fig.  268), 

The  Large  Intestine. — The  Large  Intestine,  which  in  an  adult 

iin  about  4  to  6  feet  long,  is  subdivided  for  descriptive  purposes 

tbree  portions,  viz. : — the  cweurti^  a  short  wido  pouch,  com  muni- 

,g  with  the  lower  end  of  the  small  intestine  through  an  opening, 

ed  by  the  ileO'C€Bcal  valve;  the  mlon^  continuons  with  the  cflecuro, 

♦For  an  account  of  the  Lymphatic  System,  sue  Cbapt^?r  IX. 
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which  farmfl  the  principal  part  of  the  large  inteBtine^  and  is  d 
into   ascending,  trans verie,  and  descending  portioBs;  and  the  n 
which,  after  dilating  at  its  lower  part,  again  contracU,  and  im 
ateiy  afterward  opens  externally  through  the  anuif.     Attached 
GEBCum  is  the  small  appendix  vermiform ifi,  m 

kStruciure, — Like  the  small  intestine,  the  large  intestine Tl 
stnicted  of  four  principal  coats,  viz.,  the  aeroiis,  muscular,  eub-m 
and  m aeon 8.  The  seroiat  coat  need  not  be  here  particularly  desc; 
Connected  with  it  are  the  small  processes  of  peritoneum  conta 
fat,  cai led  apimndics$  epiphicte.  The  ^ bres  of  the  w  u^cu Jar  coat,  Uke 
of  the  small  intestine,  are  arranged  in  two  layers — the  outer  longitni 
the  inner  circular.  In  the  cfecumand  colon,  the  longitudinal  fibw 
aides  being,  as  in  the  small  intestine,  thinly  disposed  in  all  parts  oltb( 
of  the  bowel,  are  collected,  for  the  most  part,  into  three  strong  b 
which,  being  shorter,  from  end  to  end,  than  the  other  coats  of  tl 
te^tine,  hold  the  canal  in  folds,  bounding  intermediate  saccull  0: 
division  of  th©se  bands,  the  intestine  can  be  drawn  out  to  its  full  k 


Fit.  *J8-*A,  T7N«w<j/aAffp,    B,  ViUiofman.    (Slightly  ftUensd  from  ' 

and  it  then  assumes,  of  course,  an  uniformly  cylindrical  form,  I 
rectum,  the  fnsciculi  of  these  lougituilinal  bandn  spread  out  and  ID 
with  the  other  longitudinal  fibres,  forming  with  them  a  thicker  Uj 
fibres  than  exists  on  any  other  part  of  the  intestinal  canal.  The< 
nr  niuscnlar  fibres  are  spread  over  the  whole  surface  of  the  boi 


\  somewhat  more  marked  in  the  intervals  between  the  saccolL    Toward 
» lower  6ud  of  the  rectum  they  become  more  numerous,  and  at  the 
IS  they  form  a  strong  band  called  the  iuteninl  sphmcUr  muacle. 
'  The  mucous  viembrane  of  the  large,  like  that  of  the  small  intestiDe, 

ined  throughout  by  columnar  epitheliom,  bnt,  unlike  it,  is  quite  des- 

Ite  of  villi,  and  is  not  projected  in  the  form  of  vaivvhpcotini rentes, 

general  Diicroscopic  structure  resembles  that  of  the  small  intestine: 

[  it  is  bounded  below  by  the  muscitlaris  mttcosw* 

The  general  arrangement  of  ganglia  and  nerve-fibres  in  the  large 

ifcstine  resembles  that  in  the  smalh 

Glandn, — ^The  glands  with  which  the  large  intestine  ia  provided  are 

two  kinds,  (1)  the  iuhdar  and  (2)  the  lymphuiiL 

(!♦)  The   tuhnlar  glands,  or  glands  of  Lieberkiihn,  resemble  those 

the  Binall  intestine^  but  are  somewhat  larger  and  more  numerous. 

Ij  also  contain  man;  goblet  cells^ 

(2.)  Follicles  of  adenoid  or  lymphoid  tissue  are  most  numerous  in 
ciecum  and  vermiform  appendix.     They  resemble  in  shape   and 

eture,  almost  exactly,  the  solitary  glands  of  the  small   intestine- 

er  s  patches  are  not  found  in  the  large  intestine, 

leo*c(ecal   Valve, — The    ileo-ca^cal  valve  is  situate  at   the  place  of 

tion  of  the  small  with  the  large  intestine^  and  guards  against  any 

X  of  the  contents  of  the  latter  into  the  ileum.     It  is  composed  of 

semilunar  folds  of  mucous  membrane.  Each  fold  is  formed  by  a 
fcliDg  inward  of  the  mucous  membrane,  and  is  strengthened  on  the 
lide  by  some  of  the  circular  muscular  fibres  of  the  intestine,  which 
contained  between  the  outer  surfaces  of  the  two  layers  of  which  each 

is  composed.  While  the  circular  niusculur  fibreSj  however,  of  the 
U  at  the  junction  of  the  ileum  with  the  cfficum  are  contained  be- 
|ai  the  outer  opposed  surfaces  of  the  folds  of  mucous  membrane 
Ih  form  the  valve,  the  longitudinal  muscular  fibres  and  the  peri- 
niu  of  the  small  and  large  intestine  respectively  are  continuous 
[  each  other,  without  dipping  in  to  follow  the  circular  fibres  and  the 

iwxB  membrane.  In  this  manner,  therefore,  the  folding  inward  of 
!  two  last-named  structures  is  preserved,  while  on  the  other  hand, 
viding  the  longitudinal  muscular  fibres  and  the  peritoneum,  the 
\  can  be  made  to  disappear,  just  as  the  constrictions  between  the 
Ji  of  the  large  intestine  can  be  made  to  disappear  by  performing  a 
ILT  operation*  The  inner  surface  of  the  folds  is  smooth;  the 
ms  membrane  of  the  ileum  being  continuous  with  that  of  the  ciecum. 
aurface  of  each  fold  w*hich  looks  toivard  the  small  intestine  is 
ed  with  villi,  while  that  which  looks  to  the  cjecum  has  none. 
I  the  caecum  is  distended,  the  margin  of  the  folds  are  stretched. 
Its  are  brought  into  firm  apposition  one  with  the  other. 


am 
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Digestion  in  the  Intestines. 

After  the  food  haa  been  duly  acted  upon  by  the  gastric  juieep  i 
it  aa  has  not  been  absorbed  passes  into  the  duodenam,  and  is  I 
subjected  to  the  action  of  the  secretions  of  the  pancreas  and  liyen 
enter  that  portion  of  the  small  intestine^  as  well  as  to  the 
(auccus  entericns)  which  is  poured  out  into  the  intestines  from  the| 
lining   them.     Mixed   with   products  of  gastric  digestion  is  foani] 
certain    amount    of    proteid  matter  which  has  not    been  acted  up 
at  all:  the  fats  are  also  included  and  such  carbohydrates  as  hare  1 
been  acted  upon  by  salivary  digestion  together  with  products  of  I 
digestion. 


M^t^m: 


riBf.  a»,— flectloti  of  th«  pftncTww  of  it  flop  durfnff  dtef^loo.     o,  alreoll  lliied  wtth  oik  J 
outer  rae  of  which  in  w^^n  stalin^t  with  hn^matojcyUo;  drintermedlary  duct  lined  wtth  i 
Ofiltliellnm.    x  aw.    (Kfeiu  aDd  Nc^bk  Smith.) 

The  Pancreas,  axd  its  Secretion, 

The  Pancreas  is  situated  within  the  curve  formed  by  the  I 

denum;  and  its  main  duct  opens  into  that  part  of  the  small  intesti 
through  a  small  opening,  or  through  a  duct  common  to  it  and  to 
liver,  abont  two  and  a  half  inches  from  the  pylorus. 

Structure, — In  Htructure  the  pancreas  bears  some  resemblance  to  1 
salivary  glands*  Its  capsule  and  septa,  as  well  aa  the  blood-ve 
lymphatics,  ure  similarly  distributed.  It  is,  however,  looser  and  i 
the  lobes  and  lobules  being  less  compactly  arranged.  The  main 
divides  into  branches  (lobar  ducts),  one  for  each  lobe,  and  these  brand 
subdivide  into  intra-lobukr  ducts,  and  these  again  by  their  ditif 
and  branching  form  the  gland  tissue  proper.  The  intralobar  da 
correspond  to  a  lobule,  while  between  them  and  the  secreting  tnbcil 
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feoU  are  longer  or  shorter  intennedmrif  ducts.  Tiro  larger  ducts 
IS  a  very  distiBct  In  men  and  a  membrana  propria  lined  with 
nmnar  epithelium,  the  cells  of  which  are  longitudinally  striated,  but 
shorter  than  those  found  in  the  ducta  of  the  salivary  glands.  In  the 
iralobalar  ducts  the  epithelium  is  short  and  the  lumen  is  smaller, 
intermediary  ducta  opening  into  the  alveoli  possess  a  distinct  lumen, 
ih  a  membraDa  propria  lined  with  a  single  layer  of  flattened  elongated 
la*  The  alveoli  are  branched  and  convoluted  tubes,  with  a  membrana 
^ria  lined  with  a  single  layer  of  col  urn  oar  cells.  They  have  a 
Itinet  InmeD,  thongh  spindle-shaped  cells  are  often  seen  in  the 
lire  of  the  aeioL  Heidenhain  has  observed  that  the  alveolar 
b  in  the  pancreas  of  a  fasting  dog  consist  of  two  zones,  an  inner  or 
tral  zone  which  is  finely  granular,  and  which  stains  feebly,  and  a 


I31L— Seetioii  of  the  pancreas  of  ansmdJUo,  ihuwlnir  tb«  two  kindt  of  glaod-fttructure.    (V.  I^ 

HarriK.) 

lller  parietal  zone  of  finely  striated  protoplasm  which  stains  easily* 
nucleus  is  partly  in  one,  partly  in  the  other  zone.  During  digestion, 
;  found  that  the  outer  zone  increases  in  size,  and  the  central  zone 

oniBhes;  the  cell  itself  becoming  smaller  from  the  discharge  of  the 

^tian.  At  the  end  of  digestion  the  first  condition  again  appears^  the 
r  zone  enlarging  at  the  expense  of  the  outer.  It  appears  that'th© 
nlesai-e  formed  by  and  stored  up  in  the  protoplasm  of  the  cells,  from 
►rial  supplied  to  it  by  the  blood*  The  granules  are  thonght  to 
ifit  of  material  from  which,  under  certain  conditions,  the  ferments 
e  gland  are  developed,  and  which  is  therefore  called  Zymogen,  In 
ion  to  the  ordinary  alveoli  of  the  pancreas  there  are  found  distri- 
1   irregularly  in  the  gland  other  collections  of  cells  of  a  different 

racier  {Islands  of  Langerhans),  They  are  considerably  smaller, 
protoplasm  is  more  granular,  and  is  less  easily  stained  with  hii?ma- 

lin,  and  their  nuclei  are  small  and  deeply  staining,  being  situated 
more  toward  the  centre  of  the  cells.     The  collections  of  cells  vary 
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in  size  and  shajie,  an<]  soruetinies  eeein  to  be  mere  masses  of  prnt-^to 
with  miclei  undiifyruntiuteLl  into  cells.     These  neats  of  cells 
times  seen  to  consist  of  distinct  coin m us  of  cells,     Xo  distinct  UdtUitot  i 
njcmbranc,  howover,  can  be  miide  out  us  bouuding  these  coluniDS,  Tbij 
special  form  of  nerve  terminations,  called  Pacinian  corpuscka,  arecftaj 
found  in  the  pancreas. 

The  Pancreatic  Juice. — The  secretion  of  the  pancreas  has 
obtained  for  purposes  of  experiment  from  the  lower  animals,  esp 
the  dog,  by  opening  tlie  abdomen  and   exposing  the  duct  of  the 
which  is  then  mude  to  communiciite  with  the  exterior,     A  panfi 
fistula  is  thus  established. 

An  extract  of  paocreivs  made  from  the  gland  which  has  been  remoredj 
from  an  animal  killed  during  digestion  possesses  the  active  properties o 
pancreatic  secretion.  It  is  mode  by  first  dehydrating  the  gland,  cat  Qfl 
into  small  pieces,  by  keeping  it  for  some  days  in  absolute  alcohol,! 
then,  after  the  entire  removal  of  the  alcohol,  by  pounding  up 
pieces  into  a  pulpy  mass  and  placing  it  in  strong  glycerin.  A  gly 
extract  is  thns  obtained.  It  is  a  remarkable  fact,  however,  thsti 
amount  of  the  ferment  tri/psin  greatly  increases  if  the  gland  be « 
to  the  air  for  twenty-four  hours  before  placing  in  alcohol:  inde 
glycerin  extract  made  from  the  gland  immediately  upon  the  ren 
from  the  body  often  appears  to  contain  none  of  the  ferments, 
fleems  to  indicate  that  the  conversion  of  zymogen  in  the  gland  into  I 
ferment  only  takes  place  during  the  act  of  secretion,  and  that  the  j 
although  it  always  contains  in  its  celk  the  materials  (trypsinogen)  < 
of  which  trypsin  is  formed,  yet  the  conversion  of  the  one  into ! 
other  only  takes  place  by  degrees.  Dilute  acid  appears  to  assist  I 
accelerate  the  conversion,  and  if  a  recent  pancreas  be  rubbed  api 
dilute  acid  before  dehydration,  a  glycerin  extract  made  afterward,! 
though  the  gland  m\iy  have  been  only  recently  removed  from  the 
is  very  active. 

Trypsinogen  is  also  converted  into  trypsin  through  the  action  off 
intestinal  juice.     Schepowalnikow,  who  discovered  this  action*  foi 
that  the  secretion  of  the  duodenal  end  was  considerably  more  active  1 
that  of  the  lower  end  of  the  intestine.     This  action  was  destroyrfl 
boiling.     It  was  probably,  therefore,  the  action  of  a  ferment.    H«i 
it  has  been  called  by  Pawlow,  efiierokinase*     Enterokinase  also: 
some  extent  in  the  activation  of  the  fat-splitting  and  amylolytic  enzTi 

Pro/M'r^r'ps.— Pancreatic  juice  is  colorless,  transparent,  and 
viscid,  alkaline  in  reaction.     It  varies  in  specific  gravity  from  1010] 
1030^  according  as  it  is  obtained  from  a  permanent  fistula — then 
watery— or  from  a  newly-opened  duct.     The  solids  vary  in  a  temj 
fistula  from  80  to  100  parts  per  thousand,  and  in  a  pernianeDt  onel 
16  to  50  per  thousand.     It  is  characterized  by  having  three  distinct  1 
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It  enzymes  kDOwn  as  trypsin,  anijlopsiii,  and  ateapsin,  whose 
.  is,  respectively,  proteolytic,  amylolytic,  and  lipolytic  {fat-split- 
,  there  is  also  a  fourth  distinct,  thougli  leas  important,  one  known 
case,  which  inverts  the  di^accharides. 


CbKMICAL  COMPOBITIOK  OF   pAIfC&lATlG    JtTICK    (C.    BCK«H>T). 


L 

^■igv  Beceat  Ostula.       Permanent  ftstuU. 

fSff 900.7a  960,45 

:»Udfl        ..,...,.         W.24  10,55 

Org&nic  anbutances 90.44  12.71 

ABh 8.80  6.84 

Sodium  carbonate 0.68  3,31 

Sodium  chloride         .....            7.35  2.60 

Calcium^  magne^i am,  and  Bodlum  pboaplmtea     0.53  0.08 

^4ri€iions.—(i,)  By  the  aid  of  its  proteolytic  or  proteid-aplitting 
le,  trypsin,  it  concerts  proie  ids  into  proteose.^  and  peptones ,  but  the 
(s  is  both  more  rapid  and  more  complete  than  in  gastric  digestion^ 
t,  in  the  final  result,  the  peptones  are  greatly  in  excess  of  thepro- 
►  The  proteids  pass  through  the  same  preliminary  stages  as  in 
J  digestion,  being  split  at  first  into  alkali -albumin,  then  into 
ry  proteoses,  both  proto -proteose  and  hetero-proteose,  and  then 
eutero-proteose;  but  the  first  stiiges  are  so  transient  that  it  is 
It  to  detect  either  the  alkali-albumin  or  primary  proteose.  For 
feafion  some  inyestigators  deny  the  existence  of  either  alkali-albomin 
ifiary  proteose  in  pancreatic  digestion.  The  deutero-albunioHeB 
Ally  demonstrated  in  the  earlier  stages,  but  become  very  scanty 

Anti-albnmid  is  fonnd  as  a  side  product  in  artificial  digestion, 
not  present  in  normal  digestion.  Trypsin  also  has  the  power  of 
ng  a  certain  proportion  of  peptones  into  simpler  bodies,  such  as 

or  amido-caproic  acid,  tf/roshi  or  paroxyphenyl-amido-propionic 
'ysitij  hfsatinin,  tryptophan,  and  some  other  bodies,  Lenciu  and 
I  have  been  found  in  the  intestinal  contents,  so  that  this  destruc- 
l  hem i peptone  must  take  place  to  a  certain  extent  within  the  body 
I  as  in  artificial  tryptic  digestion. 

laboratory  experiments  only  about  one-half  of  the  peptones  can 
mged  in  this  way*  The  more  stable  portion  which  cannot  he 
id  18  usually  known  as  ajiiipepione^  though  it  is  as  yet  undecided 
sr  this  term  represents  a  single  chemical  substance  or  a  complex  of 
s  bodies;  recent  experiments,  however,  tend  to  show  that  it  repre- 
i  mixture  of  much  simpler  substances  than  peptone.  There  are 
,  theories  as  to  the  reason  or  use  of  this  change  into  leucin,  tyrosin, 
Due  of  the  most  plausible  is  that  it  saves  the  body  from  needless 
vben  too  much  proteid  food  has  been  taken;  the  breaking  down  in 


see 
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the  intestine  of  botlies  only  slightly  removed  from  area  relieres  the  iiw 
and  other  gkndular  organs  from  the  strain  of  converting  an  excess  of  ith J 
sorbed  proteiLl  inaterial  into  a  form  in  which  it  can  be  excreted.    An 
theory  is  that  lenciu^  tjrosin,  etc.«  are  essential  for  the  pbystolo 
working  of  the  body,  in  some  unknown  way,  just  as  the  prodoctE  of  tha  | 
thyroid  gland  are. 

The  formation  of  the  decomposition  products  indol  and  fikatdvl 
cauaed  by  the  action  of  bacteria  on  proteids,  and  will  bespoken  of  uDdBr| 
another  heading. 

The  albuminouB  or  proteid  substances  which  have  not  been  con 
into  peptone  and  absorbed  in  the  stomach,  and  the  partially  dmngsij 
substances^  i.e.,  the  proteoses,  are  converted  into  peptone  by  the] 
creatic  juice,  and  then  in  part  into  leucin  and  tyrosin. 

The  ferment  trypsin  acts  best  in  an  alkaline  medinm,  but  will  lOtl 
also  in  a  neutral  medium,  or  in  the  presence  of  a  small  amouni  of  coo- 1 
bined  acid;  it  will  not  work  in  the  presence  of  free  acid*  It  therefoaj 
differs  from  pepsin  in  being  able  to  act  without  the  aid  of  any  oti 
suhistanee  than  water.  In  tbo  proceaa  of  tryptic  digestion,  proteid  i 
ter  does  not  swell  up  at  first  but  seems  to  be  corroded. 

(2J  Starch  is  cofiverUd  into  TnaUose  in  an  exactly  similar  manmr  to  I 
that  which  happens  with  saliva,  erythro-dextrine  and  one  or  more  acbfofi-J 
dextrines  being  the  intermetliate  products.     The  amylolytic  enzyn 
the  pancreatic  juice,  which  cannot  be  ilistiuguiahed  from  ptya 
called  amiflopsin.     The  maltose   thus  formed  is  converted  to  del 
either  just  before  or  during  its  absorption,  in  which  form  it  passes  iA 
the  blood.     This  conversion  is  in  part  doe  to  the  action  of  the 
ff  Incase, 

(3.)  Pancreatic  juice  possesses  the  property  of  curdling  milky  co 
ing  a  special  (rennet)  ferment  for  that  purpose.  The  ferment  is dii 
from  trypsin,  and  will  act  in  the  presence  of  an  acid  (W.  Roberts), 
best  extracted  by  brine.  The  milk-curdling  ferment  of  the  pancr 
in  some  pancreatic  extracts^  extremely  powerful,  insomuch  that  1 1 
a  brine  extract  will  coagulate  50  cc.  of  milk  in  a  minute  or  two. 

(4.)    Oils  and  fats  are  emuhijied  and  sapontjied  hy  ptiucTeAtici 
tion.     Tlieierm^emnhifoaiionnnd  Bapmiificatlon  may  need  alittl 
planation.      The  former  is  used   to  signify  an  important  inech 
change  in  oils  or  fats,  whereby  they  are  made  into  an  emulsion,  < 
other  words  are  minutely  subdivided  into  small  particles.    If  ft  ( 
drop  of  an  euiulsion  bo  looked  at  under  the  microscope  it  will  be  i 
to  be  made  up  ol  an  immense  number  of  miuute  rounded  particW 
oil  or  fat,  of  varying  sixes.     The  more  complete  the  emulsion  thcE 
are  these  particles.     An  emulsion  is  formed  at  once  if  oil  or  fat, ' 
when  old  is  slightly  acid  from  the  presence  of  free  fatty  aci<l,  isj 
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ith  an  alkaline  solution.  Saponification  signifiea  n  distinct  chemical 
Wige  it)  tlie  composition  of  oils  and  fals.  An  oil  or  a  fat  being  made 
chemically  of  glycerin^  a  triatomic  alcohol,  and  one  or  more  fatty 
sid  radicles,  when  an  alkali  ia  added  to  it,  and  heat  ia  applied,  two 
langes  take  place:  tiratlv,,  tlie  oil  or  fat  ia  eplit  up  into  glycerin,    and 

corresponding  fatty  acid ;  iecondly,  the  fatty  acid  combines  ^ith  the 
Icali,  to  form  a  floap  which  is  chemicany  kriown  aa  stearate,  oleate,  or 
ilmitate  of  potassium  or  eodium.  Thna  Baponification  means  a  chem- 
al  splitting  up  of  oils  or  fata  into  new  componndB,  and  emnlsification 
eaos  merely  a  mechanical  eplifcting  of  them  np  into  minute  particles. 

le  pancreatic  Juice  has  been  for  many  years  credited  with  the  posses- 
ID  of  a  special  ferment,  which  was  called  by  Claude  Bernard  deapsin^ 
td  which  ia  a  Upohjtic  or  fat-splitting  ferment.  This  ferment  has  not 
en  isolated,  hut  its  presence  may  be  demonstrated  by  adding  portions 

the  fresh  pancreas  to  butter  or  other  fat  and  maintaining  the  proper 
Dperatnre.  Its  action  is  made  manifest  by  the  liberation  of  butyric 
d,  which  smells  like  rancid  bntter. 

The  generally  accepted  theory  ia  that  only  a  small  portion  of  the 

which  is  eaten  ia  thus  changed  into  soap,  and  that  the  function  of  the 
K)Dified  fat  is  to  assist  in  the  emulsitication  of  the  major  part,  a  proc^ 
hich  ia  favorably  influenced  by  the  bile.  The  proper  emulsifica- 
of  fat  is  a  necessary  preliminary  to  its  absorption,  for  when  in 
the  entrance  of  the  pancreatic  juice  or  the  bile  to  the  intestine 

aterfered  with,  the  faeces  contains  a  great  excess  of  fat. 

Same  recent  experiments,  however,  lend  to  in%'ttlidate  the  emubioti  theory  and 

powt  that  the  cDtirt'  fal  of  the  ftuxl  is  eliaiiged  in  the  iiitesfiiie  into  fatty  acids 

.  ^lyceiiae;  that  the  fatty  acids  a r^  entirely,  or  in  part,  changed  to  soaps;  and 

tlieae  soapa,  or  the  mixture  of  s<japs  and  free  fatty  acids,  ure  absorbed  in  solu- 

The  chief  facts  favoring  Ihis  view  are  that :  (1)  The  aetion  of  steapsin  is  suf- 

mtly  rapid  to  allow  the  sapouitiealioa  of  a  full  fatly  meal  withm  the  ordinary 

iod  of  digestion;  (2)  histologieul  examination  has  never  shown  that  fal  particles 

pass*  into  a  columnar  cell,  and  none  Imve  ever  been  found  in  the  broad  atriat>ed 

Ifler  of  the  cell:  (3)  the  fat  globules  found  in  columnar  cells  after  a  fatty  meal 

steadily  larger  as  the  period  of  absorption  progresses,  indicating  that  Ihey^  are 

Qsited  frum  solution;  (4)  the  fatty  acids  are  easily  soluble  in  bile  solutions,  and 

solubility  of  the  soaps  is  greatly  increased  by  the  presence  of  bile.     The  fat  con- 

1131  ts,  according  to  this  theory »  are  recombiued  in  the  columnar  cells  to  form 

km!  fats. 

Conditions  favorable  to  the  Aciton, — The  secretion  of  the  pancreatic 
apj>ear8  to  be,  at  any  rate  in  some  animals,  ej/,^  the  rabbit  and 
almost  continnons;  the  flow,  however,  is  not  uniform,  the  amount 

i^ases  immediately  after  taking  food,  and  tli©  maxinnmi  ia  reached  in 
one  to  one  and  a  half  hours,  then  the  amount  falls  to  about  one- 
after  which  a  conspicuous  rise  occtirs,  and  this  ia  followed  by  a 
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gradual  fall  to  the  base  line.  To  the  work  of  Pawlow  and  hispopli 
owe  our  more  exact  knowledge  of  many  of  the  factors  inTohedinl 
production  of  the  pancreatic  secretion.  According  to  them,  thelof 
pancreatic  juice  begins  after  some  of  the  acid  chyme  from  gaatric 
gestion  has  entered  the  duodenum,  but  is  not  excited  by  themeiep 
ence  of  food  in  the  stomach.  The  acidity  of  the  chyme  is  the  impoil 
factor,  since  an  equally  abundant  flow  of  pancreatic  juice  maybebroi 
about  by  the  introduction  of  acid  (HCl),  alone,  into  the  atom 
whence  it  rapidly  passes  into  the  duodenum,  or  by  introducing  tn 
directly  into  the  duodenum  itself.  Furthermore,  the  character  of 
pancreatic  secretion  varies  with  the  nature  of  the  food  ingested; 
carbohydrate  foods,  alone,  the  juice  has  a  high  amylolytic  power,  i 
poor  in  other  enzymes  and  changes  in  a  similar  manner  for  proteidi 
fats.  All  of  these  phenomena  Pawlow  ascribes  to  reflex  action,  am 
found,  in  fact,  that,  with  proper  precautions,  a  pancreatic  Becretion 
be  brought  about  by  vagus  stimulation,  and  to  some  extent  by  il 
lating  the  splanchnic  nerves.  The  secretion  still  occurs,  however, 
both  vagi  and  splanchnics  are  divided.  This  has  been  explained  li 
action  of  peripheral  reflexes  involving  the  sympathetic  ganglia  n 
the  pancreas  and  walls  of  the  intestine  itself. 

Kecent  investigations  by  Bayliss  and  Starling  and  by  snbse 
workers  tend  to  show  that  the  normal  stimulus  to  pancreatic  secret 
l)robably  a  chemical  one.  They  have  shown  that  the  introduction 
acid  into  an  isolated  loop  of  small  intestines,  connected  with  the 
viscera  only  by  its  blood-vessels  and  having  all  nerve  commonic 
severed,  is  still  able  to  excite  an  abundant  secretion  of  pancreatic, 
Furthermore,  an  extract  of  the  mucous  membrane  of  such  a  loop, 
the  introduction  of  the  acid  and  not  before,  when  injected  into  tli 
culation  is  followed,  likewise,  by  an  abundant  secretion  from  the 
creas.  From  the  intestinal  mucosa,  treated  in  the  above  mane 
substance,  wliose  exact  nature  is  not  yet  definitely  known,  has 
isolated,  for  wliich  tlio  name  secirtin  has  been  suggested.  Its 
curser,  in  tlie  mucous  membrane,  is  termed  prosecretin. 

The  amount  of  secretion  per  diem  is  not  definitely  known,  I 
approximately  estimated  to  be  about  lialf  a  litre. 

The  Liveu. 

The  Liver,  the  largest  gland  in  the  body,  situated  in  the  abd 
ou  the  right  side  cliietly,  is  an  extremely  vascular  organ,  and  re( 
its  supply  of  blood  from  two  distinct  sources,  viz.,  from  the  porta 
and  from  the  hfpatlc  artwif^  wliile  the  blood  is  returned  from  it  int 
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inferior  by  the  hepatic  veins*  Its  secretion »  the  bih^  ia  con- 
roni  it  by  the  hepatic  dttd^  either  directly  into  the  intestine,  or, 
Jgeation  ia  not  going  on,  into  the  cystic  duct,  and  thence  into 
-blad<]er,  where  it  accuniuktes  until  required.  The  portal  vein, 
artery,  and  hepatic  duct  branch  together  throughout  the  liver, 
0  hepatic  veins  and  their  tributaries  run  by  thenifielvea. 
he  outaide,  the  liver  has  an  incomplete  covering  of  peritoneum, 
»th  this  id  a  very  fine  coat  of  areolar  tissue,  continuous  over 
e  surface  of  the  organ.  It  is  thickest  where  the  peritoneum  ia 
ind  is  continuous  on  the  general  surface  of  the  liver  with  the 
in  the  human  subject,  almost  imperceptible  areolar  tissue  in- 
he  lobules.  At  the  transverse  fissure  it  is  merged  in  the  areolar 
lit  called  Gliason's  capsule,  which,  surrounding  the  portal  vein, 
■tery*  and  hepatic  duct,  as  they  enter  at  this  part,  accompaniea 
tlieir  branches  through  the  substance  of  the  liver, 
r/i^re.— The  liver  is  made  up  of  small  roundish  or  oval  portions 
buleJi^  each  of  which  is  about  ^  of  an  inch  (about  1  mm.)  in 
,  and  composed  of  the  minute  branches  of  the  portal  vein,  he- 
ery,  hepatic  duct,  and  hepatic  vein;  while  the  interstices  of  these 


(TThe  Uv^rfrnm  below  and  behind.    L  S,>  SpLf^llan  lobe;  L.O.«  c&udAte  lobe;  L^Q,, 
R.L.,  rijifbt  lobe;  t  L.,  Ml  lobt-;  ybl.  gtki\-hi&iUvr ;   v.ci,  Inferior  v«nii  cava; 
I  Assure:  fM.v,^  flafiurt*  of  the  ductus  vetiosug;  p^  portal  fissure  iviili  porti&l  velti^ 
'  ftud  bile-duct.     (Weslt'y^  f  rotn  a  His  moilrl.  > 

e  filled  by  the  liver  cells.     The  hepatio  cells  (Sg.  250)»  which 

glandular  or  secreting  part  of  the  liver,  are  of  a  ephcruidal 

aewhat  polygonal  from  mutual  pressure  about  -j^  to  j-^  inch 

,  to  J^  mm.)  in  diameter,  possessing  one,  sometimes  two  nuclei. 

Iibstance  contains  numerous  fatty  molecules,  and  possibly  some 
if  bile-pigment,  aa  well  as  a  variable  amount  of  glycogen, 
ometimes  exhibit  alow  amcfboid  movements.  They  are  held 
y  a  very  delicate  sastentucular  tissue,  continuous  with  the 

connective  tissue. 
lerstanJ  the  distribution  of  the  blood-vessels  in  the  liver,  it 
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will  be  well  to  trace,  first,  the  two  blood-Teseels  and  the  duct  whid 
the  organ  on  the  uuder  surface  at  the  transverse  fissure,  viz.,  the 
vein,  hepatic  artery,  and  hepatic  duct.     As  before  remarked,  ill 

run  in  company,  and  their  appear- '  .. 

ance  in  longitudinal  section  is 
shown  in  fig.  273.  Honning  to- 
gether through  the  substance  of 
the  liver,  they  are  contained  in 
small  channels  called  portal  canals^ 
their  immediate  in  rest  m  en  t  being 
a  sheath  of  areolar  tisaue continu- 
ous with  GlissoD^s  capsule. 


I 


Tin.  2TS*  rig.  Tm. 

mg*  JSTt-A,  Uver-i«U«,    B.  Dlito.  ponUtnlnff  VBrl0ll>4lWd  p«rtlPl«  of  Uu 

Flir.  fi3.— LoDjrliiiillf)»l  sef'tkin  of  M  parml  imtinK  (Mintiantnir  a  puital  vHn, 

befwtlc  duct,  trimi  tli*^  |>ir,    p.  hmnch  of  vetia  fMirts'^  !$ltu«Le  in  a  portal  tmnml  fbhaed  u 

lobutes  of  ttie  liver,  L  L  ami  irlvtuir  ulT  va^iniil  bmnrben;  tlit*re  ure  «bo  Men  wtthln  tbettfi 

Y<>in  uumerom  ^LirtflfM.^  of  ilte  Hinjill«fait  Interlobular  veinn  uitHig  dlrecUy  from  U;  o^  bepmik  «i 


To  take  the  distribution  of  the  portal  vein  first : — In  its  course  th 
the  liver  this  vessel  gives  otf  small  branches  which  divide  and  sab' 
beitvetm  the  lobules  surrounding  them  and  limiting  them,  and  froi 
circumstance  called  i"«/'^r* lobular  veins.  From  these  small  res 
dense  capillary  network  is  prolonged  into  the  substance  of  the  1 


Hic.  2T4,  — Cftprilftrv  network  of  th<?  tofoiilea  of  the  mbhit's  liver.     

■uccHftsful  iDJeetioii  ui  the  hepatic  veins,  made  by  Hurting:  k  Hlvms  ueiirly  the  »bol«  ti 


The  flKOTB  ii 


biil«%  and  pa^rta  of  three  otlieiil ;  p,  pf>rtai  brunches  runniuc:  I 
veins  penetmKaK  and  rod  luting  frtim  the  centra  of  the  IgbiitefiL 


In  the  inter  lobular  t 
X4Ek    CKmiiker.> 
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ia  network  gradually  gathering  itself  up,  so  to  speak,  into  larger 
converges  finally  to  a  single  small  vein,  occupying  the  centre  of 
ule,  and  hence  called  iV//rft-lobulan  This  arningoment  ia  well 
tig.  274,  which  represents  a  transverse  section  of  a  lobule, 
small  iw/rrt-lobular  veins  discharge  their  contents  into  veina 
ittWobalar  {h  h  //,  fig,  275),  while  these  again,  by  their  union, 
le  main  branches  of  the  hepatic  veins,  which  leave  the  posterior 
of  the  liver  to  end  by  two  or  three  principal  trunks  in  the  infe- 
la  cava,  just  before  its  passage  tliroiigh  the  diaphragm.  The 
alar  and  hepatic  veinSy  unlike  the  poriai  vein  and  its  companions, 
ttle  or  no  areolar  tissue  around  them,  and  their  coats  heing  very 
ley  form  little  more  than  mere  channels  in  the  liver  substance 
slosely  surrounds  them. 

manner  in  which  the  lobules  are  connected  with  the  mhhbular 
f  means  of  the  small  intrahbular  veins  has  been  likened  to  a  twig 
leaves  without  footstalks— the  lobules  representing  the  leaveSt 
I  sublobuiar  vein  the  EmsXl  branch  from  which  it  springs. 


¥\t'  27a 


Fte.  fra 


of  ft  portJoti  of  Liver  ttawtoff  longitudlnAllj  through  &  cotmidtfr&bte  hepatic 
tli0  pig:.  R^  taepatic  Teccius  truDK,  A^aTiist  wliicli  t\w  Bides  of  the  lobiili^  {ii  arti  applied  j 
lobtuftt'  bep«tie  velno,  oo  whii^li  the  bas4^  of  the  lobules  n»t,  aud  thnmi^h  tlie  cxtatsof 
ftjv  aeeo  as  polvKOiuil  flgurmi;  i,  mouth  of  the  mtralobular  Teina,  opening  Into  the  suh- 
Bs;  iU  ItitralobiiJar  Teios  hIiowtd  pasHlnf?  up  the  centre  of  some  diTided  loBuk«;  i,  U  cut 
Hie  liver;  c,  c,  walls  of  the  hepatic  vetiuuH  caoal^  fonn«d  by  ths  poljrgooAl  bases  of  tbB 
:  5^      CKJenuuD.) 

H— PcMiioD  of  a  lobule  of  Uver.    a,  bile  capillaries  b«twt*eji  liTer^selUi,  tbe  network  ta 
6.  blood  capULarioi.     X  360.    C^leiu  and  Noble  8Tn lib.; 


itic  artery,  the  chief  function  of  which  is  to  distribute  blood 

to  GHason'a  capsnle,  the  walls  of  the  ducts  and  blood -vee- 

ther  parts  of  the  liver,  ia  distributed  in  a  very  similar  manner 
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to  the  portal  vein,  its  blood  being  retarned  by  small  branchee 
into  the  ramifications  of  the  portal  vein,  or  into  the  capillary  pie 
the  lobulea  which  connect  the  inter-  and  twfr«-lobnlar  Teina. 
The  hepatic  dtict  divides  and  subdivides  in  a  manner  ?arf  lib 


FSg.  :nT.— HepAtlc  oeUi  und  bOe  e«pillJurlM.  f^m  the  Uver  of  a  child  three  moothi'  dk 
tgMTv  mreaent  f rai^mecu  of  a  B«reticMi  carried  Uiroufh  the  periphery  of  m  lobole.  Tbt 
puBclee  of  the  blood  ftn*  recofcuinMl  bv  their  circular  oootoor;  vp^  oorrmpaoAm  to  «a  lull 
vein  In  iiiimediat«»  prozinilty  with  which  mre  the  eplthellAl  cells  of  the  blUux  ductSt  toirlifd 
lower  port  of  the  fljpires,  the  much  l*rger  hepatlo  Gulls  suddenly  succeed.    (E.  Berliif.) 

of  the  portal  vein  and  hepatic  artery*  the  larger  branches  beinj 
by  cyiindrical,  and  the  smaller  by  small  poli/gonal  epithelium. 

The  bile-capillaries  commence  between  the  hepatic  c^Us,  ai 
bounded  by  a  delicate  membmnoiia  wall  of  their  own.  They  ap] 
be  alwjiys  bounded  by  hepatic  cells  on  all  sidog,  and  are  tha8se[ 
from  the  nearest  blood-capillary  by  at  least  the  breadth  of  one  cd 
27ry  and  277). 

The   GALL-BLADDEIt 

The  Gall-bladder  (g^bL  fig.  271)  ia  a  pyriform  bag,  attached 
nnder  surface  of  the  liver,  and  supported  also  by  the  peritonennij 
passes  below  it.  The  larger  end,  or  fun  tita,  projects  beyond  thi 
margin  of  the  liver;  white  the  smaller  end  contracts  into  the  cysti 

Stntciure, — The  walls  of  the  gall-bladder  are  constmcted  d 
principal  coats*  {1}  Externally  (excepting  that  part  which  is  in  i 
with  the  liver)  is  the  seroui^  coat,  which  has  the  same  straGtare 
peritoneum,  with  which  it  is  continuous.  Within  this  is  (2)  the 
or  areolar  coat,  constructed  of  tough  fibrous  and  elnstic  tissu' 
which  is  mingled  a  considerable  number  of  plain  muscular  fibre 
longitudinal  and  circular.  (3)  Internally  the  gall-bladder  is  111 
mucous  membrane,  and  a  layer  of  columnar  epithelium.  The  i 
of  the  mucous  membrane  presents  to  the  naked  eye  a  minntely 
combed  appearance  from  a  number  of  tiny  polygonal  depressioi 
intervening  ridges,  by  which  its  surface  is  mapped  out.  In  thi 
duct  the  mucous  membrane  is  raised  up  in  the  form  of  crescenti 
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h  together  appear  like  a  spiral  valve,  and  which  miniBter  to  the 

tion  of  the  gall-hladder  in  retaining  the  hile  daring  the  interval  of 

ition. 

'he  gall-bladder  and  all  the  main  biliary  ducts  are  provided  with 

)n3  glands^  which  open  on  the  internal  surface. 

Functions  op  the  Liveb, 

lie  function  of  the  liver  in  connection  with  digestion  is  to  secrete 
bile,  and  may  be  now  considered.  The  other  functions  in  conneo- 
with  the  general  metabolism  of  the  body,  and  particularly  its  gly- 
lic  function,  will  be  discussed  later  on.  First  of  all  it  will  be  as 
to  take  the  composition  and  functions  of  the  bile,  and  afterward  to 
MS  its  mode  of  secretion. 

The  Bile. 

Properties. — The  bile  is  a  somewhat  viscid  fluid,  of  a  yellow,  reddish* 
w  or  green  color,  a  strongly  bitter  taste,  and,  when  fresh,  with  a 
ely  perceptible  odor :  it  has  a  neutral  or  slightly  alkaline  reaction, 
is  specific  gravity  is  about  1020.  Its  color  and  degree  of  consist- 
yary  much,  quite  independent  of  disease ;  but,  as  a  rule,  bile  becomes 
lally  more  deeply  colored  and  thicker  as  it  advances  along  its  ducts, 
len  it  remains  long  in  the  gall-bladder,  wherein,  at  the  same  time, 
^mes  more  viscid  and  ropy,  darker,  and  more  bitter,  mainly  from 
eater  degree  of  concentration,  on  account  of  partial  absorption  of 
iter,  but  also  from  being  mixed  with  mucus. 

Chemical  Composition  op  Human  Bile.     (Frerichs.) 

Water 859.3 

Solids—Bile  salts 91.5 

Fat 9.2 

Cholesterin 2.6 

Mucus  and  coloring  matters                .         29. 8 
Salts 7.7 

140.8 

1000.0 

)  Bile  salts,  sometimes  termed  Bilin,  can  be  obtained  as  colorless, 
dingly  deliquescent  crystals,  soluble  in  water,  alcohol,  and  alkaline 
ons,  giving  to  the  watery  solution  the  taste  and  general  characters 
le.  They  consist  of  sodium  salts  of  glycocholic  and  taurocholic 
The  formula  of  the  former  salt  being  C26U43NaN06,  and  of  the 
C2«H44NaN07S. 
e  bile  acids  are  easily  decomposed  by  the  action  of  dilute  acids  or  alkalies 
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Oljcix^bollc  Acid  Gtycia.  CboUr  Add. 

and  C,.H4.XO.S  +  HtO  =  C,HtNO,S  +  C4H0O* 

TAuroi^iiuliu  Acid.  Tauriiu  CJboIie  Acid. 

Glyciii,  or  ^lycooin,  in  a  mi  do -acetic  acid,  i,r,  acetic  acid  C,H«0,,  wfl 
of  the  at4juii»  of  H  replaced  by  the  radical  auiidogen  NHs,C»H*(KI 
C1H4NO3.  Taurin  likewise  is  amido-iBatliionic  %hcid.  IsethicHiic  acid  I 
phurous  acid  H»80>,  in  which  ao  atom  of  H  is  replaced  by  the  mono 
radielo  oxy  ethylene.  CH^OH,  viz.,  H(C,H40H)S0i,  and  in  aniid(>*i«tl 
acid,  the  OH  hydroxyl  in  this  radicle  is  replaced  by  amidogen 
H(C,H4NHs)S0j  ^  CHtNSO,.  The  pmf^ortiou  of  these  two  salts  in  1 
di Cerent  animala  varies,  e.g.,  in  ox  bile  the  glycocholate  is  in  greafi 
w  hereaa  the  bile  of  the  dog,  cat,  bear,  and  other  camivora  containd  tto) 
late  alone;  in  human  bile  tlie  glyeocholate  is  in  excess  (4.8  to  1,5). 

Preparatio7i  of  Bile  Salttt. — Bile  salts  may  be  prepared  in  th€  f dk 
manner :  mix  bile  which  haji  been  evaporated  to  a  quarter  of  its  bali 
animal  charcoal,  and  evaporate  to  perfect  dryness  in  a  water  bath.  Ki 
tract  the  mass  while  still  warm  witli  absolute  alcohol.  Separate  the  alo 
extract  by  tlltratiou,  and  to  it  add  perfectly  aDhydrous  ether  as  longai 
cipitiite  is  tbrowii  down.  The  solution  and  precipitate  should  be  set  SB 
a  closely  stoppered  bottle  for  some  days,  when  crystals  of  the  bile  salti  d 
will  have  separated  out.  The  glyeocholate  may  be  separated  from  the 
cholate  by  dissolving  bilin  in  water«  and  adding  to  it  a  solution  of  neutn 
acetate,  and  then  a  little  Irnsic  lead  acetate,  when  lead  glyeocholate  sef 
out>  Filter  and  add  to  the  filtrate  lead  acetate  and  ammonia,  a  precipii 
lead  taurocb elate  will  Ik*  formed,  which  may  be  filtered  off.  In  both  cii 
lead  may  be  got  rid  of  by  suspending  or  dissolving  in  hot  alcohol,  I 
hydrogen  sulphide,  Altering  and  allowing  the  acids  to  separate  out  hy  t 
dition  of  water. 


I 


The  Te^t  for  bile  salts  is  known  as  Pettenkofer's,  If  to  aii' 
Bolutian  of  the  salts  strong  sulphuric  acid  be  added,  the  bile 
first  of  all  preci]>itated,  but  ou  the  further  addition  of  the  add  1 
dtBfioIved.  If  to  the  solution  a  drop  of  solution  of  cane  gugar  bei 
a  fine  deep  cherry  red  to  purple  color  ia  developed. 


The  reaction  will  also  occur  on  the  addition  of  grape  or  fruit  1 
of  cane  sugar,  slowly  with  the  first,  quickly  with  the  last:  and  a  color  I 
to  the  above  is  protiuceil  hy  the  action  of  snlphuric  acid  and  sugar  on  att 
the  crystalline  lens,  nerve  tissue,  oleic  acid,  pure  ether,  eholesterin,  mi 
codeia  and  amy  lie  alcohol.  The  substance  which  givea  the  reaction  is  J 
aidelij/de,  formed  by  the  action  of  sulphuric  on  sugar.  Furfur-aldebyd 
csbolalic  acid  gives  the  red  color. 


The  gpeetriim  of  Pettenkofer's  reaction,  when  the  fluid  is  i 
ately  diluted,  shows  four  bunds — the  most  marked  and  broadest 
and  a  little  to  the  left;  another  at  F;  a  third  between  D  and 
to  D ;  and  the  fourth  near  D. 

(/>)  The  yellow  coloring  matter  of  the  bile  of  man  and  the  ' 
is  termed  BillruMfi  or  BiUfttlvin  (CifiHigNaOa)  crjstallizal 
soluble  in  water,  soluble  in  chloroform  or  carbon  dieulphide;  a 
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g  matter,  Biliverdin  (C,gH,,N,OJ  which  .ilways  exists  in  largo 
t  in  the  bile  of  Herbivora,  beiug  formed  from  bilirubin  on  expo- 
•  the  air,  or  by  subjecting  the  bile  to  iiuy  other  oxidizing  agency, 
idding  nitrous  acid.  Biliverdin  is  soluble  in  alcohol,  glacial  acetic 
Dd  strong  sulphuric  acid,  hut  insoluble  in  water,  iu  chloroform 
her.  It  is  usually  amorphous  but  may  Bometimes  crystallize  in 
rhombic  plates.  Wljen  the  bile  has  been  loug  in  the  gall-bladder, 
1  pigment,  BUiprmin^  may  he  also  found  in  small  amount, 
cases  of  biliary  obshrurtion,  the  coloriog  matter  of  the  bile  is  re- 
ed and  circulates  with  the  blood,  giving  to  the  tissues  the  yellow 
aracterifltic  of  jaundice. 

e  coloring  matters  of  ha  man  bile  do  not  appear  to  give  character- 
>Burptioii  spectra;  but  the  bile  of  the  Guinea-pig,  r&bbit,  mouse, 
01,  and  crow  do  so,  the  moat  constant  of  which  appears  to  he  a 
t  F.  The  bile  of  the  sheep  and  ox  gives  three  bands  in  a  thick 
md  four  or  five  bands  with  a  thinner  layer,  one  on  each  side  of 
near  E,  and  a  faiut  line  at  h\     (MeMunn.) 

sre  seems  to  be  a  close  relationship  between  the  coloring  matters 
blood  and  of  the  bile,  and  it  may  be  added,  between  these  and 
f  the  urine  {urobilin)^  m\A  of  the  f^ces  {stercobilin)  also;  it  is 
le  they  are,  all  of  thera,  varieties  of  the  same  pigment,  or  derived 
le  same  source.  Indeed  it  is  maintained  that  Urobilin  is  identi- 
!i  Bydrobiliruhln^  a  substance  which  in  alkaline  solution  gives  a 
luoresoenee  with  zinc  chloride,  which  is  obtained  from  bilirubin 
action  of  sodium  amalgam,  or  by  the  action  of  sodium  amalgam 
line  haematin;  both  urobilin  and  hydrobilirubin  giving  a  charac- 
absorption  band  between  b  and  F.  They  are  also  identical  with 
ilin,  which  is  formed  in  the  alimentary  canal  from  bile  pigments. 


27B. — Cnrstiinine  Bciilea  of  cholositerfn. 

st  (Gmelin's)  for  the  presence  of  Ule-pigimni  consists  of  the 
J  a  small  quantity  of  nitric  acid,  yellow  with  nitrous  acid;  if 
jTe«ent,  a  play  of  colors  is  produced,  beginning  with  green  and 
>rough  blue  and  violet  to  red,  and  lastly  to  yellow.     The  final 
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yellow  substance  has  been  called  choUtelin,  The  spectrum  of  Ginel 
test  gives  a  black  band  extending  from  near  b  to  beyond  F. 

(i:)  Fatty  substances  are  found  in  variable  proportions  in  the 
Besides  these  saponifiable  fats,  there  is  a  small  quantity  of  CMffi 
which  is  an  alcohol,  and,  with  the  free  fats,  is  probably  held  in  Boh 
by  the  bile  salts.  It  is  a  body  belonging  to  the  class  of  monatonuc 
hols  (C„H^^OH,  ObermuUer),  and  crystallizes  in  rhombic  plateB 
27^).  It  is  insoluble  in  water  aud  cold  alcohol,  but  dissolves  eu 
boiling  alcohol  or  in  ether.  It  gives  a  red  color  with  strong  solp 
acid,  and  with  nitric  acid  and  ammonia;  also  a  play  of  colors  begi] 
with  blood  red  and  ending  with  green  on  the  addition  of  sulpbnric 
and  chloroform.  Lecithin  (C^H.^NPO,)  is  also  found:  it  is  a  con 
tiouof  cholin  with  glycerophosphoric  acid  in  which  two  of  tbehyd 
atoms  of  the  glycerine  are  replaced  by  radicals  of  the  fatty  acids,  i 
oleic  and  palmitic  acids. 

{d)  The  Mucus  iu  bile  is  derived  from  the  mucous  membra: 
glands  of  the  gall-bladder,  and  of  the  hepatic  ducts.  It  constitn' 
residue  after  bile  is  treated  with  alcohol.  The  epithelium  with  w 
is  mixed  may  be  detected  in  the  bile  with  the  microscope  in  the  i 
cylindrical  cells,  either  scattered  or  still  held  together  in  layei 
the  presence  of  the  mucus  is  probably  to  be  ascribed  the  rapid  < 
position  of  the  bile;  for,  according  to  Berzelius,  if  the  mucus  Ix 
rated,  it  will  remain  unchnngcd  for  many  days. 

{e)  The  :<aline  or  inorganic  constituents  of  the  bile  are  sin 
those  found  in  most  other  secreted  fluids.  It  is  possible  that  tl 
bonate  and  neutral  phoii!})hate  of  sodium  and  potassium,  found 
ashes  of  bile,  are  formed  in  the  incineration,  and  do  not  exist  as  fi 
the  fluid.  Oxide  of  iron  is  said  to  be  a  common  constituent  of  th 
of  bile,  and  c'0})])er  is  generally  found  in  healthy  bile,  and  consta 
biliary  cahnili. 

(/)  ('ff'"^' — Small  amounts  of  carbonic  acid,  oxygen,  and  ni 
gases,  may  be  extracted  from  bile. 

Functions  of  the  Bile. — Though  it  is  not  a  true  digestive  fli 
that  it  has  no  ferment  and  digests  nothing  itself,  yet  it  must  be  re 
as  an  important  aid  to  di.::ostiun  inv  tlio  following  reasons:  There: 
douht  that  it  (ff)  assists  in  cmulsifyiiKj  the  fats  ol  the  food^  at 
rendering  thrin  capable  of  passing  into  the  lacteals  by  absorption 
it  has  appoarotl  in  sonic  experinionls  iu  which  the  common  bi 
\vas  tied,  tliat,  altliongh  the  i>rocoss  (.f  digestion  in  the  stomach  t 
jitTcc^ttMl,  chyU*  was  no  longer  well  formed;  the  contents  of  the  1 
consisting  of  ch^ar,  cohu'lcss  fluid,  instead  of  being  opaque  and  wl 
tiu'V  orilinarilv  are,  after  feeding.  It  is,  however,  the  combined 
of  the  hiU^  with  tiie  panort-atic  juice  to  whicli  the  emulsificatiou 
rather  tlian  to  that  of  the  bile  ah»ne.     The  bile  itself  has  a  ver^ 
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iulfiifjiug  power.  If  tlie  tiieory  be  accepted  that  fats  are  absorbed  as 
^ty  aciJs  and  soaps,  in  sohition,  the  action  of  the  bile  becoinea  very 
iportant  because  sohitioos  of  bile  salts  have  the  power  of  dissolving 
Sftittjacitls. 

m  It  is  probable,  also,  that  tlie  Jtioisicfiittf/  of  the  7nncoi/s  membrane 
the  intestines  by  bile  facilitates  absoriitioD  of  fatty  matters  through  it. 

(c)  The  bile,  like  the  gastric  tiuid,  has  a  certain  but  not  very  con- 
trable  antiseptic  power,  and  may  serve  to  prevent  the  decomposition 
food  during  the  time  of  its  sojourn  in  the  intestines.  Experiments 
t  that  the  contents  of  the  intestines  are  much  more  ftetid  after  the 
mm  bile-duct  has  been  tied  than  at  other  times:  moreover,  it  is 
id  that  the  mixture  of  bile  with  a  fermenting  tiuid  stops  or  spoils 
process  of  fermentation.  This  function  may,  very  probably,  be  ex- 
iled by  its  so  aid  tug  fat  digestion  that  the  fats  are  absorbed  before 

can  decompose. 

(/)  The  bile  has  also  been  considered  to  act  as  a  natural  pargntit^ 
romoting  an  increased  secretion  of  the  intestinal  glands,  and  by 
iilating  the  intestines  to  the  ])ropulsion  of  their  contents*  This  view 
ve3  support  from  the  constipation  w^hich  ordinarily  exists  in  jaun- 

from  the  diarrhcBa  which  accompanies  excessive  secretion  of  bile, 
Irom  the  purgative  properties  of  ox -gall. 

)  The  bile  appears  to  have  the  power  of  precipitating  the  gastric 
^ases  and  peptones^  together  with  th& pepsin^  which  is  mixed  up  with 
,  as  soon  as  the  contents  of  the  stomach  meet  it  in  the  duodenum. 
QB  stops  the  action  of  the  pepsin.  The  purpose  of  this  operation  is 
kbiy  both  to  delay  any  change  in  the  proteoses  until  the  pancreatic 

can  act  upon  them,  and  also  to  prevent  the  pepsin  from  exercising 
kent  action  on  the  ferments  of  the  pancreatic  jo  ice.  In  some  way 
'esence  seems  also  to  aid  the  action  of  trypsin. 
')  As  an  exerementitlous  substance,  the  bile  may  serve  especially  as 
liam  for  the  separation  of  certain  higbly  carbonaceous  substances 
the  blood;  and  its  adaptation  to  this  purpose  is  well  illustrated  by 
scaliarities  attending  its  secretion  and  disposal  in  the  fa?tus.  Dur- 
tra-uterine  life,  the  lungs  and  the  intestinal  canal  are  almost  in- 
;  there  is  no  respiration  of  open  air  or  digestion  of  food;  these 
tnecessary,  on  account  of  the  supply  of  well-elaborated  nutriment 
&d  by  the  vessels  of  the  foetus  at  the  placenta.  The  liver,  during 
me  time,  is  proportionately  larger  than  it  is  after  birth,  and  the 
^on  of  bile  is  active,  although  there  is  no  food  in  the  intestinal 
upon  which  it  can  exercise  any  digestive  property.  At  birth, 
tefitinal  canal  is  full  of  concentrated  bile,  mixed  with  intestinal 
on,    and  this  constitutes  the  meconium,  or  faeces  of  the  foetus. 

fcetns,  therefore,  the  main  purpose  of  the  secretion  of  bile  must 
,y    excretive,     Prohalily  all  the  bile  secreted  in  fcetal  life  is 
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incorporated  in  the  meconium,  and  with  it  discharge*!,  aad  thus  till 
livor  may  be  said  to  dischurge  a  function  in  some  sense  TictiriQUirf| 
that  of  the  lungs.  For,  in  the  fa^tus,  ueurly  all  the  blood  corn  :: 
the  placenta  passes  through  the  liver,  previous  to  its  distrilnin » tu 
the  eevenil  organs  of  tho  body;  and  the  abstraction  of  certaiii  wi^-J 
stances  will  purify  it,  as  in  extra-nterine  life  it  is  purified  by  thes 
tion  of  carbon  dioxide  and  water  at  the  lungs. 

MmU  of  Secret itm  and  Dhchanje, — The  secretion  of  bile  is( 
nally  going  on,  but  is  retarded  during  fasting,  and  accelerated  ont 
food.  This  has  been  shown  by  tying  the  common  bile-duct  of  a  do| 
and  establishing  a  fistulous  opening  between  the  skin  and  gnU-bWdi 
whereby  all  the  bile  secreted  was  discharged  at  the  surface.  It  i 
noticed  that  when  the  animal  was  fasting,  sometimes  not  a  drop  ot  1 
was  discharged  for  BOTera]  hours;  but  that,  in  about  ten  minateai 
the  introduction  of  food  into  the  stomach,  the  bile  began  to  flowt 
dautly,  and  continued  to  do  so  during  the  whole  period  of  digeetioo. 

The  bile  ia  formed  in  the  hepatic  cells;  thence,  being  disch 
into  the  minute  hepatic  ducts,  it  passes  into  the  larger  trunks,  and  1 
the  main  hepatic  duct  may  be  carried  at  once  into  the  duodei 
This  probably  happens  only  while  digestion  is  going  on,  t>.,  ^or^l 
hours  after  the  introduction  of  food  into  the  stomach;  daring 
it  regurgitates  from  the  comnion  bile-duct  through  the  cystic  duct, I 
the  gall-bladder^  where  it  accumulates  till,  in  the  next  period  of  ^ 
tion,  it  is  discharged  into  the  intestine*  The  gall-bladder  thuaj 
its  office,  that  of  a  reservoir;  for  its  presence  enables  bile  to  be 
flUmtly  secreted,  yet  insures  its  employment  in  the  service  of  dig 
although  digestion  is  periodic^  and  the  secretion  of  bile  constant 

The  mechanism  by  which  the  bile  passes  into  the  gall-bWdeiJ 
simple.     The  orifice  through  which  the  common   bile-duct  con 
cates  with  the  duodenum  is  narrower  than  the  duct,  and  appeari  tol 
closed,  except  when  there  is  sufficient  pressure  behind  to  force  thai 
through  \L     The  pressure  exercised  upon  the  bile  secreted  duriigi 
intervals  of  digestion  appears  insufficient  to  overcome  the  force  i 
which  the  orifice  of  the  duct  is  closed;  and  the  bile  in  the  con 
duct,  finding  no  exit  in  the  intestine,  traverees  the  cystic  duct,  i 
passes  into  the  gall-bladder,  being  probably  aided  in  this  retr 
course  by  the  peristaltic  action  of  the  ducts*     The  bile  is  disch 
from  the  gall-bladder  and  enters  the  duodenum  on  the  introduction ( 
food  into  the  small  intestine:  being  pressed  on  by  the  contraction j 
the  coats  of  the  gall-bladder,  and  of  the  common  bile-duct  also;  fori 
these  organs  contain  tinstriped  muscular  fibre-cells.     Their  contr 
is  excited  by  the  stimulus  of  the  food  in  the  duodenum  acting  so  i 
produce  a  reflex  movement,  the  force  of  which  is  sufficient  to  open  ^ 
orifice  of  the  common  bile-duct,  which  ia  closed  by  a  sphincter. 
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"ile  is  Dot  pre-formed  m  thtj  blood.  Aa  Just  observed,  it  18  secreted 
he  hepatic  cells,  although  some  of  its  constituents  may  be  brought 
aem  idmoet  in  the  condition  for  immediate  secretion.  The  blood 
\  which  the  liver  cella  secrete  the  bile  is  that  supplied  to  them  by  the 
ti  vein.  This  is  shown  by  the  nlterutions  which  occur  in  the  pro- 
oa  the  alteration  of  the  pressure  in  the  portal  system*  If  the  portal 
be  obfitructed,  the  amount  of  bile  secreted  diminishes,  and  is  olti- 
ly  suppressed,  death  resulting.  It  has,  however,  been  shown  that 
r  extraordinary  circumstances  bile  may  be  secreted  by  the  aid  of 
lood  from  the  hepatic  artery,  since  if  a  branch  of  the  portal  vein 
d,  the  part  of  the  liver  supplied  by  it  continues  to  secrete  bile, 
h  in  diminished  quantity.  When  the  discharge  of  the  bile  into 
itestine  is  prevented  by  an  obstruction  of  some  kind,  as  by  a  ^all' 
blocking  the  hepatic  ductj  it  ia  reabsorbed  in  great  excess  into 
ood,  and,  circulating  with  it,  gives  rise  to  the  well-known  phenom- 
if  janndice.  This  is  explained  by  the  fact  that  the  pressure  of 
ion  in  the  duets  although  normally  very  low,  not  exceeding  15 
in  the  dog,  is  still  higher  than  that  of  the  portal  veins,  and  if  it 
iA  16  mm.  the  secretion  although  formed  ceases  to  be  poured  out, 
f  the  opposing  force  be  increased,  the  bile  passes  in  to  the  blood- 
B  through  the  lymphatics,  and  the  yellow  color  appears  in  the  skin 
n  the  secretions,  and  constitutes  the  condition  of  jaundice.  In 
ice  the  fajoes  are  light  colored  and  highly  offensive,  there  is  con- 
ion,  the  heart  beats  slowly,  and  from  the  presence  of  bile  salts  as 
s  bile  pigment  in  the  blood,  the  red  blood  corpuscles  may  be  in 
iisaolved.  The  latter  action  results  in  the  presence  of  hemoglobin 
f  an  additional  amount  of  bile  pigment  in  the  urine. 
sposal  of  the  Bile, — The  simple  excretion  of  the  ftetal  bile  makes 
bable  that  the  bile  in  extra-uterine  life  is  also,  at  least  in  part,  des- 
to  be  discharged  as  excrementitious.  The  analysis  of  the  faeces 
p  however,  that  (except  when  rapidly  discharged  in  purgation)  they 
n  Tery  little  of  the  bile  secreted,  probably  not  more  than  one-six- 
1  part  of  its  weight,  and  that  this  portion  includes  chiefly  its  col- 
matter  in  the  form  of  stercobilin,  and  some  of  its  fatty  matters 
ucin,  but  its  sal^s  to  only  a  very  slight  degree,  almost  all  of  which 
leen  reabeorbed  from  the  intestines  into  the  blood.  The  bilirubin 
art  converted  into  urobilin  and  is  reabsorbed  and  excreted  by  the 
rg  in  the  urine. 

e  elementary  composition  of  bile-saits  shows  such  a  preponderance 
bon  and  hydrogen  that  probably,  after  absorption,  they  combine 
lygen,  and  are  excreted  in  the  form  of  carbonic  acid  and  water. 
lange  after  birth,  from  the  direct  to  the  indirect  mode  of  excre- 
the  bile  may,  with  much  probability,  be  connected  with  a  purpose 
tion  to  the  development  of  heat.     The  temperature  of  the  fuutus 
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16  largely  maintained  by  that  of  the  parent,  but,  in  extra* uterine  life, 
there  is  (as  one  may  say)  a  waste  of  material  for  heat  when  any  eicm- 
tioii  is  discharged  unoxidized;  the  carbon  and  hydrogen  of  bilin,  tLere- 
fore,  instead  of  being  ejected  in  the  faeces*  to  a  very  large  extent  (tiz., 
J),  are  reabsurbed,  in  order  that  they  may  be  combined  with  oxygen, tnd 
that  in  the  combination  heat  may  be  generated.  It  appears  that  lacfo- 
cholic  acid  may  easily  be  split  up  in  the  intestine  into  tanrin  and  diot 
lie  acid,  and  the  same  is  probable  of  glycocholic  acid.  Tanrin,  ghci&t 
and  cholalic  acid  have  all  been  detected  in  small  amounts  in  the  (ttcsL 
So  that  the  bile  is  in  pjirt  excreted,  but  in  part  is  reabsorbed  from  the 
intestine  (chiefly  the  large),  and  retnrned  to  the  liven  What  may  be 
the  ultimate  destination  of  these  altered  or  unaltered  const itueuts  is  un- 
known* Glycin  is  supposed  to  go  partly  to  form  urea,  and  taurin  is  ex- 
creted to  a  slight  extent  in  the  urine  as  tauro-carbamic  acid,  but  ii  it 
probable  that  although  part  of  this  may  unite  to  re-form  glycocholic  or 
taurocholic  acid,  the  remainder  is  united  with  oxygen,  and  is  burnt  ol 
in  the  form  of  carbonic  acid  and  water. 

A  substance,  contained  in  the  fieces,  and  named  sttreortn,  iscloidf 
allied  to  choleatorin.  IV^n  grainfi  and  a  half  of  stereo rin  are  eicrrtid 
daily  (A.  Flint). 

From  the  peculiar  manner  in  which  the  liver  is  supplied  with  mi 
of  the  blood  that  flows  through  it,  it  is  probable  that  this  organ  ii 
cretory,  not  only  for  such  hydro-carbonaceous  matters  as  may  need 
pulsion  from  the  blood,  but  that  it  serves  for  the  direct  puriflcattoa 
the  stream  which,  arriving  by  the  portal  vein,  has  just  gathered  up  fi 
ous  substances  in  its  course  through  the  digestive  organs — sabsi 
which  may  need  to  be  expelled  almost  immediately  after  their  a^ 
tion.  For  it  is  easily  conceivable  that  many  things  may  be  taken 
during  digestion,  which  not  only  are  unfit  for  purposes  of  nutrition 
which  would  be  positively  injurious  if  allowed  to  mingle  with  the 
eral  mass  of  the  blood.  The  liver,  therefore,  may  be  supposed  pliced 
the  only  road  by  which  such  matters  can  pass  unchanged  into  the 
current,  jealously  to  guard  against  their  further  progress,  and  turn 
back  again  into  an  excretory  channel.  The  frequency  with  which 
tallic  poisons  are  either  excreted  by  the  liver,  or  intercepted  ^nd  retai 
often  for  a  considerable  time,  in  its  own  substance,  may  be  adduced 
evidence  for  the  probable  truth  of  this  supposition. 

The  secretion  of  the  bile  by  the  hepatic  cells  is  undoubtedly  inflnen( 
by  the  amount  of  blood  supplied  to  them.  This  is  well  seen  after  ami 
when  the  amount  of  blood  passing  through  the  portal  circulation  in 
sequence  of  the  eongeation  of  the  secreting  organs  of  the  abdomen 
greatly  increased,  and  with  it  the  bile  secretion.  It  is,  however,  probi 
that  the  secretion  of  the  cells  is  in  some  more  direct  way  under  the 
trol  of  the  nervous  syeiem,  but  how  this  influence  is  exercised  is 
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lown,  Tlio  antecedents  of  the  various  substances  of  the  bile  from 
licli  the  cells  manufacture  its  chief  constituents  are  not  exactly  known, 

is  gurmised  that  the  bilirubin  is  formed  from  haemoglobin  brought 
S)m  the  splt^en  either  actually  dissolTed  in  tlie  jjlasnia  of  the  Wood  or 

Buch  a  condition  in  the  corpuscles  us  to  be  easily  acted  upon  by  the 

tf  cells,  by  which  the  iron  is  separated.  The  bile  salts  are,  at  any 
He  in  part,  formed  simply  by  the  conjunction  of  glycin  and  taiirin  with 

loklic  acid,  all  of  which  may  be  brought  to  the  liver  in  the  portal 
bod,  but  failing  this  it  is  probable  that  the  hepatic  cells  can  produce 
jese  substances  anew. 

The  Intestinal  Secretion,  or  Succus  Entericus. 

account  of  the  difficulty  in  isolating  the  secretion  of  the  glands 

the  wall  of  the  intestine  (Brunner's  and  Lieberkuhn's)  from  other 

cretions  poured  into  the  canal  (gastric  juice,  bile,  and  pancreatic  se- 

etion)j  but  little  is  known  regarding  the  composition  of  the  intestinal 

ice,  or  succus  entcriciia. 

It  is  said  to  be  a  yellowish  alkaline  fluid  with  a  epecific  gravity  of 
11,  and  to  contain  about  2,5  per  cent  of  solid  matters  (Thiry). 
Funciions.—The  secretion  is  said  to  be  able  to  convert  proteids  into 
ptones,  and  to  convert  starch  into  sugar,  but  the  evidence  in  favor  of 
pAe  actions  is  insufficient.  The  chief  function  of  the  juice  is  to  act 
&n  sugars.  It  possesses  the  power  of  converting  cane  into  grape 
[ar,  and  maltose  into  glucose.  It  also  contains  a  milk-curdling  fer- 
nt 

reaction  which  represents  the  conversion  of  cane  sugar  into  grape 
tnay  be  represented  thus: 

SaccharcMe.  Woter.  Dextrose.  I,j&rulo§e. 

The  conversion  is  probably  effected  by  means  of  a  hydrolytic  ferment^ 
in  (Bernard), 

Summary  of  the  Digestive  Changes  in  the  Small 

Intestine, 

In  order  to  understand  the  changes  in  the  food  which  occur  during 
Nissage  through  the  small  intestine,  it  will  be  well  to  refer  briefly  to 
itate  in  which  it  leaves  the  stomach  through  the  pylorus.  It  has 
1  gsid  before,  thai  the  chief  office  of  the  stomach  is  not  only  to  mix 
ail  uniform  mass  all  the  varieties  of  food  that  reach  it  through  the 
lliaigas,  but  especially  xo  dissolve  the  nitrogenous  portion  by  means 
secretion.     The  fatty  matters,  during  their  sojourn  in  the  stomach, 
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become  more  thoroughly  mingled  with  the  other  constitoenta  o!  the  I 
food  taken,  hut  are  not  yet  in  a  Btute  fit  for  absorption.  The  converriflft  I 
of  starch  into  sugar,  which  begun  iu  the  mouth,  has  been  intcrfeiedj 
with,  if  not  jiltogether  stopped.  The  soluble  matters— both  those  whickj 
were  so  from  the  first,  as  sugar  and  suline  matter,  and  the  gastric  p^j 
tones — have  begun  to  disappear  by  absorption  into  the  blood-ve&selg,!ind] 
the  same  thing  has  befallen  snch  fluids  as  may  have  been  swallowed. 

The  thin  pultaceous  chyme,  therefore,  which,  during  the  whole  periodj 
of  gastric  digestion,  is  being  constantly  squeezed  or  strained  throag 
pyloric  orifice  into  the  duodenum*  consists  of  albuminous  matter,! 
down,  dissolving  and  half  dissolved;  fatty  matter  broken  down  I 
melted,  but  not  dissolved  at  all;  starch  very  slowly  in  process ot^j 
version  into  sugar,  and  as  it  becomes  sugar,  also  dissolving  in  thel 
with  which  it  is  mixed;  while  with  these  are  mingled  gastric  flaitJ, 
fluid  that  has  been  swallow^ed,  together  with  such  portions  of  the  f<)oi| 
as  are  not  digestible,  and  will  be  finally  expelled  as  part  of  the  faeces. 

On  the  entrance  of  the  chyme  into  the  duodenum,  it  is  subjected  I 
the  influence  of  the  bile  and  pancreatic  juice*  which  are  then  pouredj 
and  also  to  that  of  the  succus  entericus.     All  these  secretions 
more  or  less  alkaline  reaction,  and  by  their  admixture  with  the] 
chyme,  its  acidity  becomes  less  and  less  until  at  length,  at  about  1 
middle  of  the  small  intestine,  the  reaction  becomes  alkaline  and  ccmii 
lies  so  as  far  as  the  ileo-csecal  yalve. 

The  speoial  digestive  functions  of  the  small  intestine  may  be 
in  the  following  order: — 

(1.)  One  important  duty  of  the  small  intestine  is  the  alteration  i 
the  fat  in  such  a  manner  as  to  make  it  fit  for  absorption ;  and  Uifinl 
no  doubt  that  this  change  is  chiefly  effected  in  the  upper  part  of  1 
small  intestine.  What  is  the  exact  share  of  the  process,  howeTeTil 
lotted  respectively  to  the  bile  and  to  the  pancreatic  secretion,  is  still  i 
certain.  The  fat  is  changed  in  two  ways,  (a.)  To  a  slight  eitciiftl 
is  chemically  decomposed  by  the  alkaline  secretions  with  which  it  \ 
mingled,  and  a  soap  is  the  result,  (^.)  It  is  emulsionized,  r.e.»  it«  | 
tides  are  minutely  subdivided  and  diffused,  so  that  the  mixture  \ 
the  condition  of  a  milky  fluid,  or  emulsion.  As  will  be  seen  in  the! 
Chapter,  most  of  the  fat  is  absorbed  by  the  lacteals  of  the  intestui 
a  small  part,  which  is  saponified,  is  also  absorbed  by  the  blood-ve 

(3.)  The  alburninoitJi  substances  w^hich  have  been  partly  dissolf 
the  stomach,  and  have  not  been  absorbed,  are  subjected  chiefly  to  j 
action  of  the  pancreatic  juice.  The  pepsin  is  rendered  inert  by  I 
precipitated  together  with  the  gastric  peptones  and  proteoses,  as  i 
the  chyme  meets  with  bile.  By  these  means  the  pancreatic  fen 
trypsin  is  enabled  to  proceed  with  the  further  conversion  of  the  pn 
ses  into  peptones,  and  part  of  the  peptones  (hemipeptone)  into 


tTToaiD.     AlbutniDous  aubstatiees,  which  are  chemically  altered  in 

le  process  of  tligeetion  (peptones)  and  gehitinous  matters  similarly 
Shangetl,  arc  libsorbed  hy  tho  blood-vesaels  and  lymphatics  of  the  intes- 
Umi  mucous  membrane.  Albuoiinoiis  matters,  in  state  of  solution, 
hicli  hare  not  undergone  t!ie  peptonic  change,  are  jirobably,  from  tbo 
ifficulty  with  which  they  diffntii',  absorbed,  if  at  all,  almost  solely  by 
be  lymphatics. 

(3.)  The  starchy^  or  amyloicl  portions  of  the  food,  the  conversion  of 
hich  into  maltose  was  more  or  less  interrupted  during  tbeir  stay  in  the 
omach,  are  now  acted  on  briskly  by  the  pancreatic  Juice  and  the  siicctia 
iteriens;  and  the  sugar  in  tbo  form  of  maltose  is  dissolved  in  the  in  tea- 
Dai  fluids,  and  is  absorbed  chiefly  by  the  blood-vessels.  During  or  just 
rior  to  its  absorption  J  maltose  is  converted  into  dextroae. 

(4,)  Saline  and  saccharine  matters,  such  as  common  salt*  and  cane 
Igar,  a  not  in  a  state  of  solution  beforehand  in  the  saliva  or  other  fluids 
lich  may  have  been  swallowed  with  them,  are  at  once  dissolved  in  the 
omach,  and  if  not  here  absorbed,  are  soon  taken  up  in  the  small  intes- 
tie;  the  blood-vessels,  as  in  the  last  caae»  being  chiefly  concerned  in  the 
iBorption.  Cane  sugar  is  in  part  or  wholly  converted  into  grape  sugar 
(ore  its  absorption.     This  is  accomplished  partially  in  the  stomach,  but 

>  by  a  ferment  in  the  succus  entericus. 

(5.)  The  liquids,  including  in  this  term  the  ordinary  drinks,  as  water, 
ne,  ale,  tea,  etc.,  which  may  have  escaped  absorption  in  the  stomach, 

absorbed  probably  very  soon  after  their  entrance  into  the  intestine; 
B  fluidity  of  the  contents  of  the  hitter  being  preserved  more  by  the 
listant  secretion  of  fluid  by  the  intestinal  glands,  pancreas,  and  liver, 
in  by  any  given  portion  of  fluid  whether  swallowed  or  secreted,  re- 
dning  long  unabsorbed.  From  this  fact,  therefore,  it  may  be  gathered 
I  there  is  a  kind  of  circulation  constantly  proceeding  from  the  in  tea- 
into  the  blood,  and  from  the  blood  into  the  intestines  again;  for 
the  fluid — a  very  large  amount— secreted  by  the  intestinal  glands, 
come  from  the  blood,  the  latter  would  be  too  much  drained,  wore 
Hot  tliat  the  same  fluid  after  secretion  is  again  reabsorbed  into  the 

ent  of  blood — going  into  the  blood  charged  with  nutrient  products 
digestion — coming  out  again  by  secretion  through  the  glands  in  a 
lipanitively  unchanged  condition. 

At  the  lower  end  of  the  small  intestine,  the  chyme,  still  thin  and 
ceous,  is  of  a  light  yellow  color*  and  has  a  distinctly  faecal  odor, 
odor  depends  upon  the  formation  of  indol  and  other  substances  to 
igEin  alluded  to.     In  this  state  it  passes  through  the  ileo-c^cal  open-* 

into  the  large  intestine. 
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Summary  of  the  Digestive  Changes  in  the  Large 
Intestine. 

The  changes  which  take  place  in  the  chyme  in  the  largt  intestini 
are  probably  only  the  continuation  of  the  same  changes  thatoccniii 
the  course  of  the  food's  passage  through  the  upper  part  of  the  intestinal 
canal.  From  the  absence  of  villi^  however,  we  may  conclude  that  ab- 
sorption, especially  of  fatty  matter,  is  in  great  part  completed  in  the 
small  intestine;  while,  from  the  still  half-liquid,  pultaceous  consistence 
of  the  chyme  when  it  first  enters  the  csBCum,  there  can  be  no  doubt  that 
the  absorption  of  liquid  is  not  by  any  means  concluded.  The  peculiar 
odor,  moreover,  which  is  acquired  after  a  short  time  by  the  contents  of 
the  large  bowel,  would  seem  to  indicate  a  further  chemical  change  ii 
the  alimentary  matters  or  in  the  digestive  fluids,  or  both.  The  aod 
reaction,  which  had  disappeared  in  the  small  bowel,  again  becomes  fOf 
manifest  in  the  caecum— probably  from  acid  fermentation  processei  m 
some  of  the  materials  of  the  food. 

There  seems  no  reason  to  conclude  that  any  special  secondary  digei- 
tive  process  occurs  in  the  caecum  or  in  any  other  part  of  the  large 
testine.  Probably  any  constituent  of  the  food  which  has  escapelj 
digestion  and  absorption  in  the  small  bowel  may  be  digested  in  thelM|i: 
intestine;  and  the  power  of  this  part  of  the  intestinal  canal  to  abwik 
fatty,  albuminous,  or  other  matters,  may  be  gathered  from  the  good 
effects  of  nutrient  enemata,  so  frequently  given  when  from  any  can* 
there  is  difficulty  in  introducing  food  into  the  stomach.  In  this  con-, 
nection,  however,  the  i)0S8ibility  of  nutrient  enemata  passing  into 
small  iutestiiie,  as  shown  by  tiie  studies  of  Cannon,  must  be  considi 
In  ordinary  healthy  digestion,  however,  the  changes  which  ensue  in 
chyme  after  its  jiassage  into  the  large  intestine  are  mainly  the  absorpi 
of  the  more  liquid  parts;  the  chief  function  of  the  large  intestine 
to  act  as  a  reservoir  for  the  residues  of  digestion  before  their  eipul 
from  the  body. 

Action  of  Micro-organisms  in  the  Intestines. 

Certain  changes  take  place  in  the  intestinal  contents  independent o^ 
or  at  any  rate  supplemental  to,  the  action  of  the  digestive  fermenti 
These  changes  are  brought  about  by  the  action  of  micro-organisms  d 
bacteria.  Wo  have  indicated  elsewhere  that  the  digestive  ferments 
examples  of  \inorganized  ferments,  so  bacteria  are  examples  of  organin 
ferments.  Organized  ferments,  of  which  the  yeast  plant,  /ord 
(saccharomyces)  cerevisice,  may  be  taken  as  a  typical  example,  consist 
unicellular  vegetable  organisms,  which  when  introduced  into  a  suitalil 
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mlture  medium  grow  with  remarkable  rapidity,  and  by  tbeir  growth 
iroduce  new  substaDces  from  thoae  supplicid  to  them  as  food.  ThuB  for 
aimple,  when  the  yeaat  cell  13  introduced  into  a  solution  of  grape  sugar, 
tgrowi,  and  on  the  one  hand  alcohol,  and  on  the  other  band  carbon 
tozide  are  produced.  These  substances  are  not  the  direct  result  of  tho 
feof  the  cell,  but  probably  arise  from  the  formation  of  some  chemical 


Wig*  22lL->TypM  of  micro-org&iiiAiDS,  a,  tnrcrococcl  arranged  Hi  ugly;  In  twcw,  dlpllCNSDCcL^if  bH 
pumoood  at  a  were  gn3up«d  toii^ether,  thvy  would  be  calted  etaphyloccMScI— and  Iti  fours,  wr* 
c  ^  nJeroeocdi^  to  chains  streptoeocci ;  cand  d,  bacfUi  of  rarkms  kLmJa,  one  U  repmenled 
m — _ii___    ^^  varloua  formH  of  BpuiUa;  /,  sporess,  eitlier  triee  i>r  In  bacilli 
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stances  allied  to  the  unorganized  ferments  which  greatly  increase  in 
Hmnt  with  the  moltiplication  of  the  original  cell.    In  all  such  fer- 

tative  processes,  organisms  analogous  to  the  yeast  cell  are  present, 
d  it  is  not  strange  that  if  the  ferment  cell  is  introduced  into  a  suit- 
medium,  it  may  by  its  rapid  reproduction  have  power  to  convert 
unlimited  amount  of  one  substance  into  another.  Speaking  generally 
j)ecial  variety  of  cell  is  concerned  with  each  ferment  action,  thus  one 
iety  has  to  do  with  alcoholic,  another  with  lactic  and  another  with 
fermentation,  A  considerable  number  of  species  of  bacteria 
in  the  body  during  life,  chiefly  in  connection  with  the  niucoua 
mbranes^  particularly  of  the  digestive  tract.  These  bacteria  .are 
cellular  organisms,  devoid  of  chlorophyll,  sometimes  called  Jiasion 
$ffi  or  schizomycefes.  They  multiply  chiefly  by  division,  but  many  of 
im  also  form  spores— whereas  the  yeast  cell  multiplies  by  gemmation, 
bacteria  are  very  much  smaller  than  the  yeast  cells,  being  only 

\  1  to  2/1  in  width,     Morphologicaily  they  are  classified  into  i.  micro- 
or  globular   bacteria,  ii.  bacilli  or  rod-shaped   bacteria,  and   iii* 

Ua  or  sinuous  bacteria. 
Han  J  forms  of  bacteria  have  been  isolated  from  the  mouth,  a  few 
ietiei0  from  the  stomach,  and  a  very  large  number  from  the  intestines. 

only  in  the  last  named  locality  that  their  multiplication  has  much 
let  from  a  physiological  point  of  view.  The  normal  (hydroehlorio 
j)  acidity  of  the  stomach  usually  destroys  all  the  micro-organisms 
eo  in  with  the  food,  but  when  the  amount  of  this  acid  is  deiicient  (and 
letimejs  even  when  it  is  normal)  some  of  the  spores  may  escape.     On 
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reacbiDg  the  small  intestine  these  spores  begin  to  develop  in  its  aUalini 
medium,  and  may  increase  to  snob  an  extent  as  to  stop  all  pancreatk 
and  intestinal  digestion;  the  point  where  this  occurs  varies  from  day  to 
day.  The  large  intestine  always  swarms  with  micro-organisms,  thoQ|^ 
the  ileo-c%cal  valve,  in  some  unknown  way,  prevents  their  passage  inti 
the  small  intestine;  as  a  consequence,  both  intestinal  and  pancreatic  di- 
gestion normally  cease  at  this  valve.  The  bacteria  found  in  the  intfli* 
tine  are  anaerobic,  i.e.,  they  do  not  exist  in  the  presence  of  free  oxjgo. 

The  changes  induced  in  the  intestine  by  the  activity  of  mioo- 
organisms  are  of  two  kinds,  fermentation  and  putrefaction;  thefonHT 
of  these  results  in  the  breaking  down  of  carbohydrate  matter  and  thi 
latter  in  that  of  proteid  matter.  The  process  of  fermentation  is  tkl 
least  complex  and  probably  occurs  normally  in  the  small  intestine,  to  li 
certain  extent.  The  lactic-acid  fermentation  is  the  most  importttlid 
though  the  butyric-acid  fermentation  is  next;  under  their  influence tw 
carbohydrates  are  broken  down  into  lactic  and  butyric  acids,  and  fobtf 
into  acetic  acid  also.  Carbonic  acid  gas  may  be  formed  atthesamel 
and  cause  flatulence.  Cellulose  and  other  insoluble  carbohydrateB 
decomposed  with  the  formation  of  marsh  gas  and  hydrogen,  whk 
escape  by  the  rectum. 

In  putrefaction  the  process  is  nearly  the  same  as  in  tryptic  digeitio^ 
tlie  proteids  being  broken  down  into  peptones,  leucin,  tyrosin,  and 
long  row  of  other  substances  which  have  strong  odors  and  belong  to 
aromatic  group.  It  also  results  in  the  production  of  various  gases,! 
as  carbon  dioxide,  sulphuretted  hydrogen,  ammonia,  hydrogen 
methano  (marsh  gas),  and  of  a  high  percentage  of  the  volatile  fatty 
valerianic  and  butyric.  Of  the  aromatic  substances  the  most  importa 
are  indol  and  skatol,  though  their  toxicity  has  been  greatly 
estimated.  Some  undergo  oxidation,  indol  and  skatol  forming  indoi 
and  skatoxyl ;  tliey  are  usually  carried  off  in  the  fa&ces,  but  when 
bowel  is  obstructed  they  are  absorbed  and  eventually  appear  in  the  nril 
indoxyl  and  skatoxyl  forming  respectively  indoxyl-  and  skatoxyl-sulphi 
acids  and  their  salts.  Tyrosin  is  further  broken  down  into  para-<a; 
phenol-proprionic  acid,  paracresol  and  phenol;  para-oxy-phenol 
acid  is  also  formed. 

Movements  of  the  Intestines. 

Much  has  been  added  to  our  knowledge  concerning  the  movemfli 
of  the  intestines  by  the  recent  studies  of  W.  B.  Cannon.     He  rem 
the  movements  of  the  intestinal  contents  visible  on  a  fluorescent 
used  with  the  a^-ray,  by  mixing  bismuth  subnitrate,  10  to  33  per 
with  the  food  ingested.     In  the  small  intestine  the  most  common  l 
ment  is,  first,  a  division  of  the  contents  of  an  intestinal  loop  inti 
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mmber  of  equal  aegmeuts  by  a  serios  of  coiisirtctioti  riugs.  Theso  aeg- 
leutsiiro  then  suljdividisd  titid  furced  {ijarfc,  mid  tlieii  by  a  new  scries  of 
dnstrictioiiB  and  dilatations  uf  the  tube  forced  together  again.  At  the 
une  time,  a  alow  peristalsis  may  movo  the  whole  segmenting  mass 
radually  along  the  Knndi  intestine  toward  its  lower  end.  The  effect  of 
rhythmical  movements  is  to  mix  the  food  thoroiighly  with  the 
gestive  aecretiotia  and  facilitate  absorption,  at  the  same  time  emptying 
»  lymphatics  and  veins  in  the  intestinal  wall  through  compression, 
the  transverse  and  ascending  colon,  the  most  common  movement  is 
aoti-  or  reverse  peristalsis.  Food  entering  the  large  intestine  is  first 
by  antiperistaltic  waves  iJito  the  cifcum;  each  succeeding  instal- 
iDg  treated  in  the  same  manner  until  the  eiecum  is  tilled;  after 
licli  the  reverse  waves  and  food -mass,  being  prevented  from  passing 
er  by  the  blind  end  of  the  C4ecun»,  are  forced  out  into  the  colon, 
the  same  time,  the  ileo-csecal  valve  prevents  a  regurgitation  into  the 
1  intestine.  Thus  again,  in  the  ciBcura,  are  the  processes  of  absorp- 
favored  by  the  series  of  constriction  waves  passing  over  its  walls  and 
ipressing  the  food-mass  within  it.  From  time  to  time  strong  general 
tractions,  in  the  caKJUm  and  ascending  colon,  force  some  of  the  food 
ard. 

When  material  has  uccumolated  in  the  transverse  colon,  deep  succes- 

tonic  constrietions  appear  and  force  its  contents  into  the  descending 

When  sufficient  nuiteri;d  luis  accumulated  here,  it  is  evacuated 

tug  peristalsis  combined  with  compression  by  the  contracting  ab- 

1  muscles.     This  process  is  again  repeated  for  new  material  en- 

irse  or  antiperistakis  does  not  commonly  occur  in  the  small  in- 
iDe>  but  largo  nutrient  enemata  introduced  into  the  rectum  and 
m  may  be  forced  by  autiperistaltic  wuves  in  the  large  intestine  to 
through  the  ileo-ca?cal  valve  into  the  small  intestine.  Here  they 
treated  in  the  same  way  as  food  which  has  been  introduced  in  the 
tnal  way. 

The  intestinal  movements  are  inhibited  by  strong  emotions,  such  as 
P,  distress,  anger,  and  the  like.     In  the  cat,  at  least,  they  do  not 
during  sleep  or  at  night. 

ifluence  of  the  Nervous  System  on  Intestinal  Digestion. 

in  the  c^ise  of  the  oesophagus  and  stonnich,  the  peristaltic  move- 

ito  of  the  intestines  may  be  directly  set  uj)  in  the  muscular  fibres  by 

esence  of  chyme  acting  as  the  stimulus.     Few  or  no  movements 

when  the  intestines  are  empty.     The  intestines  are  connected 

he  central  nervous  system  both  by  the  vagi  and  by  the  splanclmic 
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nerveSy  as  well  as  by  other  branches  of  the  Bympathetic  which  cc 
them  from  the  coBliac  and  other  abdominal  plexnaea. 

The  relations  of  these  nerves  respectirely  to  the  moTementi 
intestine  and  the  secretions  are  probably  the  nme  as  in  the  cue 
stomach  already  considered. 

Duration  of  Intestinal  Digestion, — The  time  occupied  by  the  j 
of  a  given  portion  of  food  from  the  stomach  to  the  anas  varies 
erably  even  in  health,  and  on  this  account  probably  it  is  that  su 
f  erent  opinions  have  been  expressed  in  regard  to  the  subjectb 
twelve  hours  are  occupied  by  the  journey  of  an  ordinary  meal  t 
the  small  intestine,  and  twenty-four  to  thirty-six  hours  by  the ; 
through  the  targe  boweL 

The  contents  of  the  large  intestine,  as  they  proceed  toward  1 
tum,  become  more  and  more  solid,  and  losing  their  more  liqv 
nutrient  parts,  gradually  acquire  the  odor  and  consistence  charu 
ot  faces.  After  a  sojourn  of  uncertain  duration  in  the  sigmoid 
of  the  colon,  or  in  the  rectum,  they  are  finally  expelled  by  the 
defictcation. 

The  average  quantity  of  solid  faacal  matter  evacuated  by  the 
adult  in  twenty-four  hours  is  about  six  or  eight  ounces  (200 
grams). 

Composition  of  F-fiCES. 

The  amount  of  water  varies  considerably,  from  68  to  82  per  a 
upward.     The  following  table  is  about  an  average  composition:— 


Water 78! 

Solids,  comprising: 

a.  Insoluble  residues  of  the  food,   uncookeil  starch, 

cellulose,  woody  tibres,  cartilage,  seldom  mus- 
cular fibres  and  other  protcids,  fat,  cholesterin, 
horny  mattt?r,  and  mucin 

b.  Certain  substances  resulting  from  decomposition 

of  foods,  indol,  skatol,  fatty  and  other  acids, 
calcium  and  mafpesium  soaps 

c.  Special   excrementitious    constituents: — Excretin, 

excretoleic  acid  (Marcet) ,  and  stercorin  (Austin 

Flint) !►  2<r 

d.  Salts :— Chiefly  phosphate  of  magnesium  and  phos- 

phate of  calcium,  with  small  quantities  of  iron, 
soda,  lime,  and  silica 

e.  Insoluble  substances  accidentally  introduced  with 

the  food 

f .  Mucus,  epithelium,  altered  coloring  matter  of  bile, 

fatty  acids,  etc. 

g.  Varying  (juantities  of  other  constituents  of  bile,  and 

derivatives  from  them J         lOOl 

The  Oases  contained  in  the  Stomach  and  Intestines. — Undei 
nary  circumstances,  the  alimentary  canal  contains  a  considerable 
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J  of  gaseous  matter*  Any  one  who  has  ha*l  occasion,  in  a  post-mortem 
iminHtioii,  either  to  lay  open  the  intestines,  or  to  let  out  the  gas 
lich  thpy  contain,  must  have  heen  strut^k  by  the  small  space  afterward 
tupied  by  the  bowels,  and  by  the  large  degree,  therefore,  in  which  tb© 
I,  which  mvttirally  distends  them,  contributes  to  fill  the  cavity  of  the 
iomen.  Indeed,  the  presence  of  air  in  the  intestines  is  so  constant, 
I,  within  certain  limits,  the  amount  in  health  so  uniform,  that  there 
I  be  no  doubt  that  its  existence  here  is  not  a  mere  accident,  but  in- 
ded  to  serve  a  definite  and  important  purpose,  although,  probably,  a 
fhanical  one. 

Sources. — ^The  sources  of  the  gas  contained  in  the  stomach  and  bowels 
f  be  thus  enumenited: — 

L  Air  introduced  in  the  act  of  swallowing  either  food  or  saliva;  Ss. 
es  developed  by  the  decomposition  of  alimentary  matter,  or  of  the 
fetions  and  excretions  mingled  with  it  in  tiie  stomach  and  intestines; 
t  is  probable  tiiat  a  eertain  mutual  iiiterchiinge  occtirs  between  the 
e  contained  in  the  alimentary  canal,  and  those  present  in  the  blood 
;faefie  g;istric  and  intestinal  blood-vessels;  but  the  conditions  of  the 
laoge  are  not  known,  and  it  is  very  doubtful  whether  anything  like 
tie  and  definite  secretion  of  gaa  from  the  blood  into  the  intestines  or 
oach  ever  takes  place.  There  can  be  no  doubt,  however,  that  the 
Btines  may  be  the  proper  excretory  organs  for  many  odorous  and 
ir  substances,  either  absorbed  from  the  air  taken  into  the  lungs  in 
dnition,  or  absorbed  in  the  upper  part  of  the  alimentary  canal,  again 
e  excreted  at  a  portion  of  tlie  same  tract  lower  down — in  either  ease 
ming  rapidly  a  gaseous  form  after  their  excretion,  and  in  this  way, 
laps,  obtaining  a  more  ready  egress  from  the  body.  It  is  probable 
f  under  ordinary  circumstances,  the  gases  of  the  stomach  and  intes- 
»are  derived  chiefly  from  the  second  of  the  sources  which  have  been 
Herated, 


^ 


Composition  of  Gases  of  the  Alimentary  CanaL 
{Tabulaied  from  various  authQrUies  hy  Brinton,) 


kensx  otiCaliied. 

Oompoeltlon 

by  Volujiie 

Oxjgeu. 

NltftiK. 

Acid. 

j   HydtQ^. 

4 

m 

8 
6 

19 

HydrogeD. 

Rulphuret, 
Hyttrog«ii. 

I  lateBtinfiB    . 
m       '       *       ^ 
1     .         *        ^ 

[led  per  anutn 

11 

71          ' 

32 

ft7 

35 

46 

22 

14 

:to 

13 

4a 

40 

18 

8 

U 

19 

'  trace. 
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The  above  table  differs  little  from  the  arerage  obtained  bj  mm 
modem  observers,  but  it  omits  an  important  point  to  which  attenlM 
should  bo  drawn,  viz.,  that  the  amounts  of  the  gases  vary  with  thedkL 
For  all  practical  purposes  oxygen  and  sulphuretted  hydrogen  mifh 
omitted.  An  analysis  of  the  intestinal  gases  (Buge»  copied  by  HaUte 
ton)  in  man  is  as  follows  :— 


Gams. 


Carbon  dioxide  • 
Hydrogen 

Carburetted  hydrogen 
Nitrogen  . 


Milk   Diet. 


9  to  16 
48  to  54 

0.9 
86  to  88 


Meat  Diet. 


8  to  18 

0.7  to  8 

26  to  87 

45  to  64 


Yw^ftMn  OML 


21  to  Si 
1.5  to  4 
44  toft 
10  to  II 


Sources  of  the  Carbon  Dioxide. — From  the  carbonates  and  lactateiii 
food;  from  alcoholic  fermentation  of  sugar;  from  pntre&ction  of  cff^ 
bohydrates  and  proteids;  and  from  butyric  acid  fermentation. 

Sources  of  il^e  Hydrogen. — From  butyric  acid  fermentations  of  Isctis 
,   acid — 

2C.H.0,    =    G„H.O.    +    2G0.    +    2H« 
LimUc  Acid.         Bulorrio  Add. 

Source  of  the  Carburetted  Hydrogen. — From  the  decompositioii  oC 
acetates  and  lactates  and  from  cellulose  (G«  Uio  O5  +  H2  O  =  3  CO2+ 
3  CII4). 

Source  of  the  Nitrogen. — The  nitrogen  is  derived  from  the  8wallow«l] 
air.  : 

Defalcation. 

The  act  of  the  expulsion  of  faeces  is  in  part  due  to  an  increased 
peristaltic  action  of  the  lower  part  of  the  large  intestine,  uaiiielT 
the  sigmoid  flexure  and  rectum,  and  in  part  to  the  more  or  less  voli 
tary  action  of  the  abdominal  muscles.  In  the  case  of  active  volant^ 
efforts,  there  is  usually,  first  an  inspiration,  as  in  the  case  of  congliiA 
sneezing,  and  vomiting;  the  glottis  is  then  closed,  and  the  diaphngl 
fixed.  The  abdominal  muscles  are  contracted  as  in  expiration;  bat  I 
the  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  theak 
dominal  contents.  The  sphincter  of  the  rectum  being  relaxed,  the 
nation  of  its  contents  takes  place  accordingly;  the  effect  being, of  coani 
increased  by  the  peristaltic  action  of  the  intestine.  As  in  the  odM 
actions  just  referred  to,  there  is  as  much  tendency  to  the  escape  of  fl 
contents  of  the  lungs  or  stomach  as  of  the  rectum;  but  the  pressara 
relieved  only  at  the  orifice,  the  sphincter  of  which  instinctively  or  ii 
voluntarily  yields. 

NervoHH  Mechanism. — The  anal  sphincter  muscle  is  normally  ia 
state  of  tonic  contraction.     The  nervous  centre  which  governs  this 
traction  is  probably  situated  in  the  lumbar  region  of  the  spinal  oordy 
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Biniich  as  in  cases  of  division  of  the  cord  above  this  region  the  sphincter 
ftgains,  after  a  time,  to  some  extent  the  tonicity  which  is  lost  immedi- 
Ady  after  the  operation.  By  an  effort  of  the  will,  acting  through  the 
Mntrey  the  contraction  may  be  relaxed  or  increased.  In  ordinary  cases 
Ae  apparatus  is  set  in  action  by  the  gradual  accumulation  of  faeces  in 
tie  sigmoid  flexure  and  rectum,  pressing  by  the  peristaltic  action  of 
di68e  parts  of  the  large  intestine  against  the  sphincter,  and  causing  by 
"vflex  action  its  relaxation;  this  sensory  impulse  acting  through  the 
nun  and  reflexly  through  the  spinal  centre.  At  the  same  time  that 
iie  sphincter  is  inhibited  or  relaxed,  impulses  pass  to  the  muscles  of  the 
jwer  intestine  increasing  their  peristalsis,  and,  if  necessary,  to  the  ab- 
ominal  mosoles  as  welL    The  action  of  the  centre  is  therefore  doable. 


CHAPTER  X. 

ABSORPTION. 

Absorption  takes  place  not  only  in  the  cells  covering  the  eitorul 
surface  of  the  body  and  lining  those  cavities  in  direct  commuDicite 
with  the  external  world,  but,  also,  from  cavities  and  spac^  within  di 
body  proper.     The  former  is  sometimes  spoken  of  as  external  absorptlM 
and  the  latter  as  internal  absorption,  a  distinction  which  is  nsefol  bi 
purposes  of  description  only.     In  the  first  class  are  inclnded  theal 
tion  of  material  from  the  skin,  the  lungs,  and  the  alimentary  tract, 
its  introduction  into  the  blood  and  lymph,  by  means  of  which  it  il 
carried  to  the  various  tissues.     In  the  second  class  is  inclnded  the  lb* 
sorption  of  such  circulating  material  from  the  blood  and  lymph  bjth 
different  tissue-cells  which  come  in  contact  with  them.     Wemaybaii 
as  in  the  case  of  intestinal  absorption,  then,  two  cavities,  the  iatestiH 
and  that  of  the  blood  or  lymph  vessels,  separated  by  two  membTaMl 
made  up  of  living  cells.     One  layer,  in  this  case,  consists  of  theii^ 
testinal  epithelium,  and  the  otlier  of  the  endothelium  of  the  blood  << 
lynipli  vessols.      Where  absorption  takes  place  within  the  body  propeif 
as  in  tlio  taking  up  of  material  by  tissue-cells  from  the  lymph  spac^y 
the  cell  membrane,  or  octo})lasm  where  no  definite  membrane  exists,  i| 
all  tliat  separates  tlie  proto})lasm  of  the  cell  from  the  material  to  hi 
absorbed.     In  tlie  case  of  absorption  from  the  alimentary  canal  by  til 
blood  or  lymph  there  are  actually  two  processes  occurring — one,  of  ahj 
sorption  proper,  or  tlie  taking  in  of  material  by  the  cell;  and  theotlil 
of  elimination,  or  extrusion  of  material   from  the  cell.     In  some 
stances  the  absorbed  substances  undoubtedly  undergo  important  chaDgi 
within  the  absorbing  cell's  protoplasm;  e,(j,^  the  probable  synthesisi 
peptones  into  higlier  proteids  during  their  passage   through   the 
tbelium  of  the  stomach  and  intestine.     In  other  instances,  the  absorhl 
material  undergoes  no  change;  ^.r/.,  elimination  of  urea  by  thekidi 
epithelial  cells. 

Methods  of  Absorption. 

The  exact  methods  by  means  of  which  absorption  takes  place  htf 
long  been  a  subject  of  controversy  and  of  research.     This  problem  is 
of  the  most  difiicult   in  l^bysiology,  and   is  yet,  in  tlie  main,  unsoh 
Hecauso  known  physical  and  chemical  laws  were  inadequate  to  eiph 
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loat  of  the  phenomena  of  living  processes,  it  was  believed  by  the  earHer 
jhjsiologists  thut  in  these  proceasea  there  existed  nii  inexplicalile  some- 
liiig^  a  living  or  vital  principle  wliinii  was  beyond  our  eonception.     As 
lew  facta  in  physics  and  cheniistry  were  discovered,  a  second  school  of 
Iphysiologigta  developed  who  sought  to  explain  all  the  processes  of  life 
I  by  known  chemical  and  physical  principles.     Tteceutly,  the  peiidulum 
[lias  again  swnng  toward  the  former  vital istic  views,  but  under  another 
Vnaine— the  selective  activity  of  tlve  cell.     In  either  rase,  the  name  is  a 
confession  of  our  ignorance  regarding  tlie  most  iraportant  factors  con- 
llSemed  in  absorption,  and  such  ignorance  will  eontinue  nntil  more  is 
llktiown    about   the   physics    and    chemistry    of    the    living    cell  itself. 
Some  of  the  kurnvn  physical  fsictors  concerned  in  absorptinn  and  elimi- 
I'mtion  have  already  been  considered  in  a  former  chapter  (Chap,  V.,  see 
etnimts  ium]  fIi'jTft»fon),     A  third  factor, /?//m//'o?jt,  consists  in  tlie  pass- 
age of  a  Jlu  id  under  pressure  through  a  membrane.     These  factors  un- 
doubtedly play  an  important  role  in  the  passage  of  solutions  through  the 
«Iini£"utary  mucons  memhrune  and  walls  of  the  absorbing  vessels*     The 
jwrt  which  the  physical  factors  play  is  more  pronounced  in  the  absorjj- 
of  water  and  crystalloids.     The  nature  of   the   fluid   within  the 
VesBela,  the  very  feel  tie  power  of  dialysis  which  the  albuminous  blood 
jw&^esses,  tJctermines  the  direction  of  the  osmotic  current,  viz,,  into  and 
llbot  out  of  the  blood-vessels.     The  current  is,  of  course,  aided  by  the 
r^ftrt  of  the  constant  change  in  the  blood  presented  to  the  absorbing  sur- 
face, as  it  rapidly  circulates  within  the  vessels,  as  well  as  by  the  move* 
liDents  of  the  walls  of  the  stomach  and  iutestines,  in  the  ease  of  alimentary 
ihiorption,  by  means  of  wliitdi  the  material  to  bo  absorbed  is  brought 
oto  intiniate  contact  with   the  absorbing  membrane.     As  a  rule,  tlie 
nrrent  is  from  the  etomach  or  intestine  into  the  blood;  but  the  reversed 
iion  may  occur,  when,  for  example,  sulpliate  of  magnesia  is  taken  into 
I  stomach,  in  which  case  there  is  a  rapid  discharge  of  water  from  thg 
]*vesfie]s  into  the  alimentary  canal,  resulting  in  purgation. 
IkitpidUy  of  Ahmrpiifm. — The  rapidity  with  which  matters  may  bo 
ihsorbed  from  the  stomach,  probably   by  the  blood-vessels  chiefly,  ami 
liffased  through  the  textures  of  the  body,  has  been  fonnd  by  experiment. 
Ippears  that  lithium   chloride  may  he  diffused  into  all  the  vascular 
hires  of  the  body,  and  into  some  of  the  non- vascular,  as  the  cartilage 
if  the  hip-joint,  as  well  as  into  the  aqueous  humor  of  the  eye,  in  a  quar- 
'  of  an  hour  after  being  given  on  an  empty  stomach.     Into  the  outer 
■rt  of  the  crystalline  lens  it  may  pass  after  a  time,  varying  from  half 
hour  to  an  hour  and  a  half,     Ijitbium  carbonate,  when  taken  in  five- 
ten -grain  doses  on  an  empty  stomacli,  may  be  detected  in  the  urine 
5  or  10  minutes;  or,  if  the  stomach  be  full  nt  the  time  of  taking  the 
Mi  in  20  minutes.     It  may  soTuettmca  be  detected  in  the  urine,  morp- 
/er,  for  six,  seven,  or  eight  days. 
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Some  oxperimeuts  on  tho  absorption  of  various  mineral  and  ^ 
ble  potsous  have  krouglit  to  Hglit  the  singular  fuct  Ibat,  In  some  r 

absorption  takes  placo  nioro  mindly  from  tho  rectum  than  frosi 
stoiuacb.  tStryc^bina,  for  example^  li^ben  in  sulutiun,  produces  jU  f 
sonous  effects  much  more  speedily  wben  introduced  into  the  recti 
tban  into  tbe  stomach.  Wben  introduced  in  tbe  solid  form,  hcwci 
it  is  absorbed  more  rapidly  from  the  stomach  tban  from  the  recti 
doubtless  because  of  the  greater  solvent  property  of  tbe  secretion  o! 
former  than  of  the  hitter. 

Voiidiiions  /or  Absorption, — 1.  The  ditlusibiUty  of  the  eubstaoo 
be  absorbed  is  one  of  the  chief  conditions  for  its  absorption — a  coO 
as  we  have  seen,  dialyzcs  very  little.  It  must  be  also  in  the  Hqni 
tfmcous  i<iafi\  Mercury  may,  liowever,  bo  absorbed  even  in  tbe  met 
atate;  and  in  that  t^tato  may  pass  into  and  remain  in  tbe  blood-T6E 
or  bo  deposited  from  them;  aud  such  substances  as  exceedingly  ft 
divided  cliarctjal,  wben  taken  into  the  aliuientary  canal,  have  been  I 
in  the  mesenteric  veins.  Oil,  miuiitely  divided,  as  in  an  emulsion^ 
pass  slowly  into  hloorl -vessels^  as  it  will  through  a  filter  moistened 
water;  but  it  is  doubtful  if  fatty  nuittcrs  find  their  way  into  the  h 
vessels  as  they  do  into  tbe  lymph- vessels  of  the  intestinal  eannl. 

2.  Tlie  less  ifenxe  the  fluid  to  tw  ahsorhrd^  the  more  jiperrfi/,  as  & 
eral  rule,  ia  its  absorption  by  tho  living  blood-vessels.  Hence  the) 
absorption  of  water  from  the  intestines;  also  of  weak  saline  solat 
but  with  strong  solutions,  there  appears  less  absorption  into,  thift 
Bion  from,  the  blood -vcst^els.  f 

3.  The  absorption  is  t/iv  less  rapid  the  fuller  nnti  tenser  tkr  I 
ifcssels  arc;  and  tbe  tension  nuiy  be  so  great  as  to  binder  altogethej 
entrance  of  njorc  fluid.  Tims,  if  physiological  salt  solution  is  ioji 
into  a  dog's  veins  to  repletion,  poison  is  absorbed  very  slowly ;  but ' 
the  tension  of  tbe  vessels  is  diminished  by  bleeding,  the  poison 
quickly.  Ho»  when  cupping-glasses  are  placed  over  a  poisoned  wc 
they  retard  the  absorption  of  the  poison  not  only  by  diminii^binj 
velocity  of  tho  circulation  in  the  part,  but  by  filling  all  its  veswli 
fuU  to  adiuifc  more, 

4.  On  the  same  ground ^  absorption  is  the  quicker  (ht  more  rapi 
circuJMion  of  the  tfhod ;  not  because  the  lluid  to  be  absorbed  is 
quickly  imbibed  into  the  tissues,  or  mingled  with  the  blood,  but  bei 
as  faat  as  it  enters  the  blood,  it  is  carried  away  from   the  part,  anc 
blood  being  constantly  renewed,  is  constantly  as  fit  as  at  the 
the  reception  of  the  substance  to  bo  absorbed. 

These  four  conditions  are  physical,  but  (5)  the  Htal  condition  o 
absorptive  epithelium  must  not  be  forgotten.  It  has  been  showi 
example,  that  the  absorption  by  the  frog's  skin  is  hastened  by  al 
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^Tded  by  cbloroform.  It  appears  also  that  absorption  is  retarded 
^  than  hastened  by  remoTal  of  the  intestiDal  epithelium, 

k  The  Lymphatic  System. 

Uritig  now  discussed  the  methods  and  conditions  of  absorption  in 
ral,  we  must  next  turn  to  the  system  of  vessels  in  which,  on  the 
iiind,  materials  of  the  food  not  taken  directly  into  the  blood-veeeels 
» alimentary  canal  are  received  and  carried  into  the  blood-stream; 
m  the  other,  fluid  which  has  exuded  from  the  blood-vessels  into  the 
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Fig.  2SQI— Dia^rram  of  the  prtivdp«l  groups  of  LymphatlQ  veaaals  (from  Quain). 


I  ifl  gathered  up  and  carried  buck  again  into  the  blood.  This  sys- 
'  vessels  is  called  the  Lymphatic  System,  and  the  vesscla  themselves 
ned  Lymphatics  or  Absorbents.  They  have  often  been  incidentally 
med  in  former  chapters* 

B  principal  vessels  of  the  lymphatic  system  are,  in  atnicture  and 
]  ftppearance,  like  very  small  and  thin-walled  veins.  They  are 
ed  with  valves.    They  commence  in  fine  microscopic  Ipuph-eap- 
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tlkirkiti  which  drain  th(*  hitereelliilar  or  lympli  spaces,  and  they  end  JiiectJj 
or  indirectly  in  two  trunks  which  open  into  the  large  veina  near  the  hetrt 
(fig,  280).  Tho  fluid  which  they  contain^  unlike  the  blood,  passeioaif 
in  one  direction,  niimely,  from  the  fine  branches  to  the  trunk  and  80 to 
the  brge  veins,  on  Gntcring  which  tliey  are  mingled  with  the  stream  of 
blood  and  form  part  of  its  conetituonta.  The  conree  of  the  fluid  in  tb 
lymphatic  vessels  is  always  toward  the  large  veins  in  the  neighborhood 
of  the  heart,  and  in  fig,  280  the  greater  part  of  the  contents  of  thelp- 
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Fl^.  2RL— Supt'rflclftI  Ijmphflticsof  riffht  pTt^ln  and  upfier  pwtof  thj|^h«  J.— K  Ufifier  I  . 

{:lAn{1»L    tl,  *2'.  Lowf  r^ir  hi^uiiml  nr  femtiral  gkuitlii.    S,  3'.  Fl^xus  of  IjrmphatlcB  in  the  couneW^ 
oD|rs«ptlieDouR  v  r  i  i  j ,     «  >1  j  us*  -iiikc  u  i .  > 

JHg,  Jfttl—  Lyi)i|'firi(  i<^  vi\sst'lH  of  the  lu^oil  and!  rii*ck  and  the  upper  part  of  the  trunk  ( 
|,~-Thec:l)e«t  null  |>tM  irjirititim  Imve  Uh^u  tiiM'nLHl  on  the  loft  Kitltr*,,  and  the  left  nuunniA dc 
Hirovm  outwATil  lu-er  tJtu^  Un  arm,  An  oa  to  t^xp^^w?  a  prc.it  fmrtof  Its  deep  miifaoe,  Thef 
l^mpliailic  vt*jii«'k  Buid  i;lHj)dj<  nriH  i^hown  on  i\w  ^Me  of  ilu^  heiul  luid  face,  and  in  the  niadT 
And  uiediAMtliiiim.  BetwiM^n  tlir*  h'ti  iiitt*niiiJ  jir^diir  v«*jn  and  tb^  oommoii  cafx>tid art0f7,iL 
OM^MxIitiK  port  of  the  Itaoniciu  duct  niai  kt-*!  i,  and  Abu^e  thJit,  «Dd  desoeodlDip  to^  tbeftrni 
fmrtrtf  inediwi,  Tbetermlimtiim  of  tbt*  ii|i|><*r  lymplmtle*  of  the  cUi^ihFaiTni  in  th*  i — " 
Kjjuids^  00  weU^fl  tho  Cftrdiac  a^d  iho  dL*op  piammary  t/mphatlcs,  it  abu  ■hofm. 


r 


phatic  system  of  vessels  will  be  seen  to  pass  through  a  compar^tif 
large  trunk  callc^d  the  thnmeic  dttef,  which  finally  emptie-8  its  cent* 
into  the  blood-stream,  at  the  junction  of  the  internal  jugular  and  i 
chivian  veins  of  the  left  side.     There  is  a  smaller  duct  on  the  right  I 
The  lymphatic  vessels  of  tlio  intestinal  canal  are  called  lacieaUf^ 
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gestioB  the 
I  the  lymph 
tfc.  There 
batic8.     In 


Haiti  contained  in  them  reeemblea  milk  in  appear- 
in  the  lacteals  during  the  period  of  digoation  la 

is  no  essential  distinction,  however/beiweoii  hicteals 
some  parts  of  its  course  the  lymph-stream  must 
pass  through  lymphatic  glandH, 

Lymphatic  vessels  are  distrihuted  in  nearly  all 
parts  of  the  hody.  Their  existence,  however,  has 
not  yet  been  determined  in  the  phicentii,  the  um- 
bilical cord,  the  membranes  of  the  ovum,  or  in 
any  of  the  so-called  ii on- vascular  parts,  as  the 
nails,  cuticle,  hair,  and  the  like, 

Ori(jin  of  Ltjmph  CnpiUaries,~*Vh%  lymphatic 
capilliiries  commence  most  commonly  either  (a) 
in  closely  meshed  networks,  or  {h)  in  irregular 
lacunar  spa<?es  between  the  various  structures  uf 
which  the  different  organs  are  composed.  Such 
irregular  spaces,  fonning  what   is   now    termed 


Fig.  38i. 

luperilcifd  IjTnph&ticA  of  the  forMrm  uid  palm  cjf  the  hand,  \.—&.  Two  stnatl  KlAndii 
r  the  anil,  fi,  ItAilial  Ivmithatks  T«anlfl.  T.  UlnJU-  Ijfniplmtlc  v^sfteUi,  w.  a  Palmar 
hfttlcs.  'J,  9'.  Outer  luui  iwuviF  lelii  of  noMielfl.  6.  CephiiJic  vein.  d.  Haitl&l  veiu. 
B,    /,  Ulnar  vein.    Tho  lyiiipluitk'Ji  ar«  refireaeated  an  iyfuR  on  the  deep  faacU 

^ymphftticx  of  ct- ntml  tendon  of  ral*blt'»  diaphm^fin,  italnml  with  KlJver  nitrate.  Tbe 
pee  li*»bw!n«hftd<HldiatframmatJCftIlyt^J  bring:  out  the  Jymphatica  clewly.  /.  Lym* 
^JoafpuuToweudotheliul  ceils,  aud  aliowiug  v.  ralvea  at  f reqtumt  InCflrTalA.  (Scho- 

-canalicular  system,  have  been  shown  to  exist  in  many  tis- 
terous  raemhninea  such  as  the  omentum  and  mesentery  they 

connected  system  of  very  irregular  branched  spticea  partly 
y  connective  tissue-corpuscles^  and  both  in  these  and  in  many 
are  found  to  communicate  freely  with  regular  lymphatic 
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Tfififiels.     In  many  oasog,  tliongh  they  aro  formed  mostly  by  thecWnh  ' 
and  crannies  between  thtj  blood-votisels,  secreting  ducts^  and  other  parti  , 
whioh  may  hnppon  to  form  the  framework  of  the  organ  in  which  ttaf 
exist,  they  are  lined  l»y  a  difitiiict  layer  of  endothelium. 

T!i6  laeteals  oiler  an  illnstnition  of  another  mode  of  origin, na 
(f)  in  blind  dilated  extremities;  bnt  there  is  no  essential  diffen^nce in  1 
structure  betwoeu  these  and  the  lymphatic  capillaries  of  other  parti 

Structure  of  L^mph  Vapillurivs, — The  structure  of  lymphatic  capil- 1 
larics  is  very  himilar  to  that  of  blood-capillaries :  their  walls  conBistotj 
a  single  !ayer  of  elongated  endothelial  colls  with  sinuons  outline,  iibiciil 
cohere  along  their  edges  to  form  a  delicate  membrane.  Tbej  «lifltfl 
from  blood  capillaries  mainly  in  their  larger  and  very  variable  c;ilibrt|] 
and  in  their  numerous  comnuinieations  with  the  spaces  of  th^iljinj 
canalicular  systeoiu 

ihtii  muni  rations  of  the  Li/mphaiirit.^The  fluid   part  of  the  Wfi 
conabintly  exudes  from  or  is  strained  through  the  walls  of  the  h\^-\ 
capillarieSj  so  as  to  moisten  all  the  surrouuding  tissues,  and  oocnpiei] 
the  interspaces  whieh  exist  among  their  diflerent  elements,  which  foil 
the  beginnings  of  the  lymph-capillaries;  aud  the  latter,  therefore, awi 
means  of  .collecting  the  exuded  blood  plasma,  and  returning  that ; 
which  is  not  directly  absorbed  by  the  tissues  into  the  blood-stream. 
is  not  neeeasary  to  assume  the  jiresence  of  any  special  channels  be 
the  blood  and  lympliatic  veesels,  inasmuch  as  oven  hlood-corpuBcle« < 
pass  boilily.  without  much  difficulty,  through  the  walls  of  the  bl< 
eaidllaries  and  small  veins,  and  con  Id  pass  with  Btill  less  trouble,  ] 
hly,  through  the  comparatively  ill-defined  walls  of  the  capillaries  wh 
contain  lymph. 

It  has  been  already  mentioned  {p,  31)  that  in  certain  parts  of  I 
body,  sfomfftti  exist,  by  which  lymphatic  capillaries  directly  commo 
Ciite  with  parts  hitherto  supposed  to  be  closed  cavities. 

Stomata  have  been  found  iu  the  pleura;  and  as  they  may  be 
Sttmed  to  exist  in  other  serous  membranes,  it  would  seem  as  if  the  Ken 
cavities,  hitherto  supposed  closed,  form  but  a  large  ljmph*siTia»  < 
widening  out,  so  to  speak,  of  the  lymph-capillary  system  with  wh 
they  directly  commnnicate. 

When  absorption  into  the  lymphatic  system  takes  place  in  merobn 
covered  by  epithelium  or  endothelium  through  the  interstitial  or  iati 
cellular  cement-substance,  it  is  said  to  take  place  throxigh  psmtdo-sio^ 
already  alluded  to  (p.  32). 

Defnoyiftfrafkm  of  Liitnphatics  of  Diajihra^n. — The  stomata  on  tlie  periti 
mirfare  of  tho  dtaphra^m  are^  the  openings  of  short  vertical  canals  whic 
up  into  Uio  lymiilialics.  ami  are  liueil  by  ct^Us  like  those  of  genuinatingl 
theliuni.     By  iutrofhiemK  a  solution  of  Berlin  blue  ioto  the  peritoneal 
of  an  animal  shortly  aflur  ilcath,  and  suspending  it.  head  downward, 


ABSORin-IOK. 


439 


of  the  Ijtnphatit!  vessels  of  the  diaphragm,  through  tho  gtomatA  on  its 
itoneAl  Biirfat*t%  may  rendily  be  obtained  if  artifirial  respiratiou  be  carried 
I  for  aliout;  hall  an  hour,  Iii  this  way  it  has  bt'eu  found  that  iu  the  rabbit 
%  lyuipliatictj  are  arranged  t>etwHeii  the  tendon  l>uudles  of  the  centrum  ten- 
fceimi ;  and  they  are  hence  termiHl  111 ^fr/<f.v<'^k'M/ar.  The  centrum  tendineum 
toated  by  eodothehum  on  it«  pleural  and  |>eritooeal  surfaces,  and  ita  substaDoe 
iBtstB  of  tendtm  bundles  arranged  in  concentric  rings  toward  the  pleural 
k?i  and  in  ra<Uatiiig  bundles  toward  the  ]>erik)neal  Hide. 

The  lymphatics  of  the  anterior  half  of  tho  diaphragm  open  into  those  of  the 
berior  mediastinum,  while  those  of  the  jKieti^rior  half  pas8  into  a  lymphatic 
iBel  in  the  posterior  mediastinum,  which  sot^n  entery  the  tiioracic  duct. 
Ill  these  sets  of  vesiseb^  and  the  glands  into  which  they  pass,  are  readily 
ecte<l  by  the  method  above  described  ;  nud  there  can  Ik*  little  doubt  that 
ring  life  the  tiow  of  lymi»h  aUing  these  channels  is  chieHy  caused  by  the 
km  of  the  diapluiigm  during  respiration.  As  it  descends  in  inspiration, 
i  spaces  between  the  radkitltuj  teodon  bundles  dilate,  and  lymph  is  sucked 
km  the  (jeritoneal  cavity,  through  the  widely  ojH?n  stomata,  into  th©  inter- 
Bcicidar  lymphatics.  During  expiration,  the  slices  between  the  anicentnc 
Ddon  bundles  dilate,  and  the  lymph  is  s^iueezed  into  the  l^^mphatics  toward 
»  pleural  surface  (Kleiri),  It  thus  appears  probable  that  during  healtli  there 
a  continued  sucking  hi  of  lynjph  f  rom  the  iJerittmeum  into  the  lymphatics 
rthe  -pumping"  action  of  the  diaphragm  ;  and  there  is  doubtless  an  eipisdly 
totinuous  exudation  of  fluid  froui  the  general  serous  surface  of  tlie  peri  to- 
IttUL  Wh*m  this  lialance  uf  transudatiou  and  absorption  is  dislurl>ed  either 
f  Increased  transudation  or  souie  iiupedimeDt  to  absorption^  an  accumulation 
iuid  necesisaxily  takes  place  (ascites) . 

Structure  of  Lymphatic  Vessels. — The  larger  yesselg  ae  before  men- 
ined  are  very  like  veins,  huviug  un  exteniiil  coat  of  areolar  tissue^  with 
Ktic  filamqiits;  witJiin  this,  a  thin  layer  of  areolar  tissue,  with  un- 
iped  muscular  fibres,  which  have,  principally,  a  circular  direction, 
d  are  much  more  ahundjint  in  the  Biiiall  than  iu  the  larger  vcsselB; 
d  again,  within  this,  an  inner  elastic  layer  of  longitudinal  fibres,  and 
Ining  of  epithelium ;  and  numerous  valves.  The  valves,  constructed 
ie  those  of  veins,  and  with  the  free  edges  turned  toward  the  heart, 
\  n^ually  arranged  in  pairs,  and,  in  the  small  vessels,  are  so  closely 
iced,  that  when  the  Tessels  are  full,  tho  valves  constricting  them 
ere  their  edg^s  are  attached,  give  them  a  peculiar  beaded  or  knotted 
}earaiice. 

The  Lymph  Flow, 

'  The  flow  of  the  lymph  toward  the  point  of  its  discharge  into  the  veins 
>rought  about  by  several  agencies.  With  tho  help  of  tlie  valvular 
clianism  (1)  all  occasional  pressure  on  the  exterior  of  the  lymphatic 

lacteal  vessels  propels  the  lymidi  onward  ■  thus  muscular  and  other 
pnuii  pressure  accelerates  the  llow  of  the  lyniph  as  it  does  that  of 

blood  in  the  veins.     The  actions  of  ('^)  the  moscukr  fibres  of  the 
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amftll  Intestine,  and  probably  the  layer  of  unatriped  muscle  present  in  ^ 
each  integtint&l  villus,  seem  to  aBsiat  in  proptfUing  the  chyle:  for^iothij 

gmatl  intestine  of  a  nioime^  the  (^hyle  bus  been  seen  moving  with  i 
mittent  pro^iuleions  that  appeared  to  uorrespond  with  the  perish 
movements  of  the  inteetiue.     But  for  the  general  propuleion  of  du^ 
lymph  and  chyle,  it  is  probable  that,  together  with  (3)  the  rw  a  krp 
resulting  from  absorption  (iia  in  the  ascent  of  sap  in  a  tree),  and  iim 
external  pressure,  some  of  the  force  may  be  derived  (4)  from  the  con- j 
tractility  of  the  vesBel's  own  walls.     The  reepimtory  movemente,also, 
(5)  favor  the  current  of  lymph  through  the  thoracic  duct  as  thej  Jotkj 
current  of  blood  in  the  thoracic  veins. 


Lymph*Hearts.— lu  reptiles  aod  Btfniti  birds,  an  important  auxiliazy  tot 

movement  of  the  lymph  and  chylu  is  BUpplied  in  c<?rtaiii  muscular  sacs,  nil 
lt/mph'hvart»,  and  it  has  bta^u  shown  that  the  caudal  heart  of  the  eel  iii] 
lymph -heart  al«o.  The  number  and  ptisitiun  tjf  tht«e  organs  var)\  InfrQ^j 
and  Uxulii  there  are  usually  four,  two  anterior  and  two  jKJSterior ;  in  the  fro^  1 
tlie  jxMUn'iur  lymphhoart  on  each  side  is  bituatod  in  the  iHchiatic  region,  iiii| 
beneath  the  wkiu  ;  the  anterior  lies  deeper,  juiit  over  the  transverse  prooai4 
the  third  vertelmi.  Into  eaeh  of  these  cavities  several  iyniphatics*  uijen,  tfael 
orihtes  i<f  the  ves»eb  IxMng  i;uardeil  by  valves,  which  prevent  tlie  retnugmltj 
pa8«aKt'  of  tiie  lymph.  From  each  heart  a  single  vein  prL»oeeds,  and  i 
the  lympli  directly  into  the  veuouii  By  stem.  In  the  frog,  tlie  inferior  lymp 
heart,  on  each  ttide,  iKiurs  its  lymph  into  a  branch  of  the  iHchiatio  veiii;! 
the  Huperit)r,  the  lyniidi  ia  forced  intt>  a  branch  of  the  jug'ular  vein, 
issues  from  it»  antr^ruir  surface,  aud  which  1»ecouies  turj^id  each  tiino  tbill 
sac  contracts.  Blood  la  prevented  from  pansiuK  from  the  vein  into  the 
phatic  heart  hy  a  valve  at  it«  oriflcse. 

The  muscular  coat  of  these  hearts  is  of  variable  thickness ;  ii^  some  cfti 
can  only  be  discovered  by  means  of  the  mirroscoiie ;   but  in  every  atae  it  I 
eouiiK»s<.sl  of  stri|»ed  fibres.     The   contrax*tioua  of  the  hearts  are  rli 
occnrrinij  about  sixty  times  in  a  niinut^  slowly,  and,  in  coDipanaoil 
thu^e  of  the  blood  lieartij,  feebly.     The  pulsations  of  the  cervical  pair  are 
always  synchronous  with  those  of  the  pair  in  the   ischiatic  region,  and 
the  corresiKJudiug  saca  of  oppositti  Hides  are  not  always  synchronous  in  t 
action. 

Unlike  the  contractions  of  the  blood  heart*  tliose  of  the  lyniph*heart  i 
to  be  directly  dei>*^udent  uiK»n  a  certain  limitetl  jwrtion  of   the  bpinal 
For  Votkmanu  found  that  so  long  as  ilie  jiortion  of  spinal  cord  cor 
to  the  third  vert<^bra  of  the  frtig  waw  iminjured.  the  cervical  pair  vt  Ijrmp 
hearts  ctmtinued  pulsating  after  all   the  rciJt  of  tlie  8pinal  cord  and  th©! 
were  destroyed;  while  destruction  of  this  [wjrtion,  even  though  all  otlier 
of  the  nervous  centres  were  un injure*!,  instantly  arrested   the  heart's 
mentfl.     The  posterior,   or  ischiatic,  jiatr  of  lymph  hearts  were  found  to  1 
governed,  in  like  manner,  by  the  |>ortion  of  spinal  cord  correspond ing  to  \ 
eighth  vertebra.     Division  of  the  jxisterior  wpinal  roota  did  not  arrest  the  i 
menta ;  but  division  of  the  anterior  roots  caused  them  to  cease  at  once. 

Lymphatic  Glands.— Lymphatic  glaoda  are  small  round  or 
oompuei  bodies  riirying  id  size  from  a  bemp-ieed  to  a  beau,  inter 
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Doorse  of  the  lymphatic  vessels,  and  through  which  the  chief  part 

lymph  passes  in  its  course  to  be  discharged  into  the  blood-vessels* 

re  found  in  great  iiunibers  in  the  meeentury,  and  along  the  great 

of  the  abdomen,  ihurax,  and  nock;  in  the  axilla  and  groin^  a 


f%L— SecUon  of  a  mesenteric  inland  from  lh»'  ox,  lilJicbUy  mnijijifietl.  a,  Hila» ;  b  (ia  the 
irt  of  th**  fleurej,  mvdiiihury  ^ubtiUuice  ;  c,  oorUcni  subt>tA>tice  with  ludlBtiJiut  a]vfM>U;  ri, 
OtriUiker.) 

the  popliteal  qmce,  but  not  farther  down  ilie  leg,  and  in  the 
far  as  the  elbow.  Some  lyniphaticB  do  not,  however,  ptkjs  tb rough 
before  entering  the  thoracic  duct. 

ucture. — A  lymphatic  gland  is  covered  externally  by  a  capsule  of 
tive  tissue,  generally  containing  some  nnstriped  muscle.  At  tbe 
4de  of  the  gland,  which  is  somewhat  concave  {kilus),  (lig.  285,  a), 


BBL— Section  of  medullary  siibHtAitee  of  an  in^'^iiiDHl  ^land  of  an  ox.  a,  a,  glandular  sub 
pulp  forming  rouiidtMil  iL^ordii  }jiri\n^  hi  a  iruiiLiuuutiK  net  {dark  in  the  figiir«»;  i\  r,  tra. 
he  itpace^  fe,  o,  Iw^wivu  UR'»e  uid  th«  eliUDrlular  suli^tAnce  in  the  lymph  bIuus,  washed deat 
cks  And  traveiiiecl  by  aiamenU  ot  reilronji  cutitiecL  jvt^tlHyue.    x  W.    (KUUlker.  j 


«ule  sends  inward  processes  called  iraht'citlm  in  which  the  blood- 
are  contained,  and  these  join  with  other  processes  prolonged  from 
er  surface  of  the  part  of  the  capsule  covering  the  convex  or  outer 
the  gland;  they  have  a  structure  similar  to  that  of  the  capsule, 
ring  the  gland  from  all  mdea,  and  freely  communicatrng^  f0riD 
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a  fibrous  supporting  stramti.  The  interior  of  the  gland  is  seen  cmle^] 
tion,  even  when  examined  with  the  naked  eye,  to  be  made  up  of  tioj 
piifts,  an  outer  or  rnrtiral  (fig.  287,  r,  r),  which  is  light  colored,  and^ 
inner  of  redder  appearance,  the  medullary  portion  (fig.  285).  la  1 
outer  or  cortical  part  of  the  gland  (fig.  287)  the  intervals  between ! 
tnibGouhe  are  conipamtively  large,  and  form  more  or  less  triangnlarj 
terconnnunicating  spaces  termed  alveoU;  while  in  the  more  centnljj 
medullary  part  is  a  finer  mesh  work  formed  by  the  more  free  anaet 
of  the  tnihecular  process,  AVithin  t!ie  alveoli  of  the  cortex  and  ini 
meshwork  formed   by  the  trabecule  in  the  medulla,  is  contained  i 
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Fl|r.  S87. — Dla4rrammj&tic  Koetlon  of  lymphntic  fclarnl.    o  ^.  nirerent ;  c.L,  effe.         ,    , 
C»  conic*!  attb«l«i]ot%  i.h.,  i>'tH!iil«tinjc  conlii  of  meOullary  suhatAiice;  lj.,  lytnpti-atiiiii;  e^i 
eoftt  seodlngr  in  lnibt.vtiUi» ;  t.r..  iaiu  thL*  subHtaiit:«?  of  the  gkuid.    C^tuupejrj 

proper  gland  structure*     In  the  former  it  is  arranged  as  follows: 
pyiiig  thecentnil  and  chief  part  of  eiich  alveolus  is  a  more  or  lesfii 
shaped  muss  of  adenoid  tissue,  densely  packed  with  lymph  corpu 
but  at  the  periphery  surrounding  the  central  portion  and  imme 
next  the  capsule  and  trabeculf^,  is  a  more  open  meshwork  of 
tissue  constituting  the  lymph  sinus  or  channel^  and  containing  ftf 
lymph-corpuscles.     The  central  mass  is  inclosed  in  endothehuiSi  1 
cells  of  which  join  by  their  processes^  the  processes  of  the  adenoid! 
w^ork  of  the  lymph  sinus.     The  trabeculfe  are  also  covered  withendoli 
Hum.     The  lining  of  the  central  mass  does  not  prevent  the  pa88agt| 
fluids  and  even  of  corpuscles  into  the  lymph  sinus.     The  framewa 
adenoid  tissue  of  the  lymph  sinus  is  nucleated,  that  of  the  central] 
is  uou-tiucloated*     At  the  iimer  pari  of  the  alveolus^  the  wedg 
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tral  mass  divides  into  two  or  more  smaller  rounded  or  cord-like 
isses  which  Joining  with  those  from  the  other  alveoli,  form  a  much 

rer  arraugement  of  the  gland  tissue  than  in  the  cortex;  spaces  (fig* 

^  h),  are  loft  within  those  anastomosing  cords,  in  which  are  found 

tions  of  the  trabecular  meshwork  and  the  continuation  of  the  lymph 

us. 

The  essential  atructnre  of  lymphatic-gland  substance  resembles  that 
^ich  was  described  as  existing,  in  a  simple  form,  in  the  interior  of  the 

itary  and  agminated  intestinal  follicles. 

The  lymph  enters  the  gland  by  several  afferent  veesels,  which  open 


L— A  BmaJX  portion  of  meduU&rf  substance  from  a  TnfiHeoteHc  glmnd  of  tbe  ux.   d,  cf»  Cra> 

a,  pmrt  of  n  oord  of  glAUdular  HubHtJUicea  from  whioli  air  but  a  few  of  ilic  lyrapLi-coi-puacloi 
wmaibcd  out  to  i^ow  ita  lopportlug  me*hwork  of  retifomi  tissue  aod  itH  cupillnry  blixjd- 
lieli  bJhve  been  injected,  mid  are  dark  in  tbe figure);  b,  b^  lymph-aiuufi^  of  which  the  retl- 


rllieli 

» iA  repres^Dted  only  al  c,  e. 


XSOO.    (KaUUcer.) 


ith  the  capsule  into  the  lympli-channel  or  lymph-path;  at  the  same 

they  lay  aside  all  their  coats  except  the  endothelial  lining,  which 

^ntinaous  with  the  lining  of  the  lymph-path.     The  elferent  vessels 

in  the  medullary  part  of  the  gland,  and  are  continuous  with  the 

ih-path  here  as  the  afferent  vessels  were  with  the  cortical  portion;, 

idothelinm  of  one  is  continuous  with  that  of  the  other, 

le  efferent  vessels  leave  the  gland  at  the  hiius,  the  more  or  less 

iTe  inner  aide  of  the  gland,  and  generally  either  at  once  or  very 

£ter  join  together  to  form  a  single  vesseL 

l-vessels  w^hich  enter  and  leave  the  gland  at  the  hilus  are  freely 
lied  to  the  trabecular  tissue  and  to  the  gland-pnlp. 
28 
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Hxmolymph  Glands. — In  the  prevertebral,  retroperitonetf 
of  the  sheep,  ox,  and  other  animals,  there  are  found  in  large  di 
and  in  man  in  small  numbers,  glands  which  resemble  the  Iji 
glands  described  above,  but  differing  from  them,  mainly,  in  pa 
sinuses  containing  blood  instead  of  lymph.  For  these  structures, 
ally  described  by  Gibbes,  the  name  hmnolymph  glands  vras  sngge 
Russell,  and  has  been  adopted  by  subsequent  workers.  Warthi 
has  recently  made  a  detailed  study  of  the  nature  and  function  o 
structures,  finds  two  recognizable  types,  which  he  has  respectively 
splenolymph  and  marrowlymph  nodes.  Between  these  two  typee, 
tion  forms  exist.  There  are  also  transition  forms  between  the 
lymph  glands  and  the  spleen  and  lymph  glands.  New  hsroi 
glands  may  be  formed  from  adipose  tissue.  This  is  very  marke 
splenectomy. 

The  function  of  these  glands  is,  probably,  normally  one  of  has 
and  new  formation  of  leucocytes.  In  disease,  where  the  blood  has 
gone  marked  changes,  they  may  be  concerned  in  the  development 
blood-cells  as  well. 

The  Lymph  and  Chyle. 

Lymph  is,  under  ordinary  circumstances,  a  clear,  transpure 
yellowish  fluid,  of  a  specific  gravity  varying  from  1012 — 1022. 
devoid  of  smell,  is  slightly  alkaline,  and  has  a  saline  taste.  As  s( 
the  microscope  in  the  small  transparent  vessels  of  the  tail  of 
pole,  it  usually  contains  no  corpuscles  or  particles  of  any  kind; 
only  in  the  larger  trunks  that  any  corpuscles  are  to  be  found. 
cori)uscles  are  similar  to  colorless  blood-corpuscles.  The  fiuid  i 
tlie  corpuscles  float  is  albuminous,  and  contiiins  no  fatty  partic 
is  liable  to  variations  according  to  the  general  stiite  of  the  blood 
that  of  the  organ  from  which  the  lymph  is  derived.  It  mav  clo 
posure  to  the  air.  As  it  advances  toward  the  thoracic  duct,  af 
ing  through  the  lymphatic  glands,  it  becomes  spontaneously  co 
and  the  numher  of  corpuscles  is  much  increased. 

(7i///f.  found  in  the  lacteals  after  a  meal,  is  an  opaque,  whitis 
fluid,  neutral  or  slightly  alkaline  in  reaction.  Its  whiteness  and 
are  due  to  the  presence  of  innumerable  particles  of  oily  or  fattj 
of  exoocviingly  minute  though  nearly  uniform  size,  measuring 
a\orago  aKnit  5  ^  of  an  inch  ^O.S-.^.  These  constitute  what  ii 
the  •;  .\  ..•..*.;•*  ;:,'Nr  v^f  oliyle.  Their  number,  and  consequently  t 
ity  of  the  v^iiyle,  are  viepen.ier.t  upon  the  quantity  of  fatty  mat 
taiiu\i  i:\  the  fvH\i.  Tb.e  faity  r.a:ure  of  the  molecules  is  made  i 
l\v  their  solubility  ir.  other.  K;u^h  n.oiooule  probably  consists  oi 
b^t  of  oil  vwaovi  over>^i:'::  aV: '.;:t.er.,  iv.  the  manner  in  which 
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psof  oil  always  become  covered  in  aD  albuminous  solution.  This  is 
iTed  when  water  or  dilute  acetic  acid  is  added  to  cbyle,  many  of  the 
Dlecules  are  lost  sight  of,  and  oil-drops  appear  in  their  place,  as  the 
vestments  of  the  moleenlsB  have  been  dissolved,  and  thdir  oily  con- 
pits  have  run  together. 
Except  these  molecules,  the  chyle  taken  from  the  vOli  or  from  lac- 
lis  near  them,  contains  no  other  solid  or  organized  bodies.  The  fluid 
I  which  the  molecules  float  is  albuminous,  and  does  not  spontaneously 
igulate*  But  as  the  chyle  passes  on  toward  the  thoracic  duct,  and 
|)€cially  while  traversing  one  or  more  of  the  mesenteric  glands,  it  is 
pborated.  The  quantity  of  molecules  and  oily  particles  gradually  di- 
inishes;  cells,  to  which  the  name  of  eki/ie-corpuschs  is  given,  appear 
lit;  and  it  acquires  the  property  of  coagulating  spontaneously.  The 
gher  in  the  thoracic  duct  the  chyle  advances,  the  greater  ia  the  num- 

!r  of  chyle-corpuscles,  and  the  larger  and  firmer  is  the  clot  which  forms 
it  when  withdrawn  and  left  at  rest.  Such  a  clot  is  like  one  of  blood 
thout  the  red  corpuscles,  having  the  chyle-corpuscles  entangled  in  it* 
d  the  fatty  matter  formiDg  a  white  creamy  film  on  the  surface  of  the 
rum.  But  the  clot  of  chyle  is  softer  and  moister  than  that  of  blood. 
Ike  blood,  also,  the  chyle  often  remains  for  a  long  time  in  its  vessels 
■bout  coagulating,  but  coagulates  rapidly  on  being  removed  from  them. 
le  existence  of  the  materials  which,  by  their  union,  form  fibrin,  is, 
irefore,  certain;  iiud  their  increase  appears  to  be  commensurate  with 
pt  of  the  corpuscles, 

I  The  structure  of  the  chyle-corpuscles  was  described  when  speaking 

he  white  corpuscles  of  the  blood,  with  which  they  are  identical     The 

ph^  in  chemieal  eomposHion,  resembhs  dihtted  plmma^  and  from  what 

been  eaid,  it  will  appear  that  perfect  chi/h  and  hpnph  are,  in  essetir- 

characters y  nearly  aimihtr^  and  scarce! if  d iff er^  except  in  the  prepof^ 

affaity  and  proieid  matter  in  the  chyle. 


Chemical  Composition  of  Lymph  and  Chyle. 


P™^ 


I. 

Ljinpli, 
(Donkey). 

3.454 


11. 

Chyte. 

(  Donkey). 

90.2^7 

9.763 


m. 

Mixed  Lip'Tiiph  dC 
Chyle  rHuman)- 


id©— 

teids.  including  Serum-Albu-  { 
HI  in,  FibrinogeD,  and  Globulin.  \ 
ixtractives,  including  in  (I  and  1 
XI)  Sugar.  Urea,  Leiicin  and  - 
Chole8t4?rin  .  .  .  .J 
Itv  niatt<3r  and  Soaps 
tto  ^ 


1,330 

1.559 

a  trace 

.585 


3.886 


1565 

3.601 
.711 


7.06 


1.06 
.44 


*^uaniii'ff*'-^he  quantity  which  would  paes  into  a  cat's  blood  in 
Ity-four  hours  has  been  eatimated  to  be  equal  to  about  oue-sixth  of 
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the  weight  of  the  whole  body.  And,  since  the  estimated  weight  of  tbil 
blood  in  ctits  is  to  the  weight  of  their  bodies  as  I  to  7,  the  qoiiiititTof  j 
lymph  duily  traversing  the  thonicic  duct  would  appear  to  be  aboot  eqialj 
tt>  the  <|aaiitity  of  blood  at  any  time  contained  in  the  anim^  Bti 
other  series  of  experiments,  the  quantity  of  lymph  traTersitig  tbet^j 
racic  duct  of  a  dog  in  twenty-four  hours  was  foand  to  be  about  equal  to  T 
two-thirds  of  the  blood  in  the  body. 

Channels  of  Absorption. 

The  Laeteals^—Dnrmg  the  passage  of  the  chyme  along  the M 
canal,  its  completely  digested   parts  are  absorbed  into  the  Mood 
distributed  in  the  mucous  membrane.     The  absorption  into  bothsetiflfi 
vessels  is  carried  on  most  nrtivehi  hut  not  exvlitstvelt/^  in  the  vUU  of  tbl| 
small  intestine;  for  in  them   both  the  capillary  blood- vesaelfi  andl 
lacteals  are  brought  almost  into  contact  with  the  lnte8titi.*il  coali 
There  seems  to  be  no  doubt  that  absorption  of  fatty  matters  dortiij 
digestion,  from  the  contents  of  the  intestines,  is  effected  chiefly  ' 


>^-iK 


fig,  99).— Section  of  the  vilkia  of  a  rat  Irllted  during  fat  abeorptfoii.  m,  epttbeUum :  ttr,  § 
border:  c.  lymph-oella  ;  c".  lymph  c«?U*  in  Uju  epithelium;  U  central  tAi?t««i  contttlala^diAiDU 
lyinph-iXrtpiiscW    (E,  A.  Sclittfrr  .) 

the  epithelial  cells  which  line  the  intestinal  tract,  and  especially  i 
which  clothe  the  surface  of  the  villi.     Thence,  the  fatty  particloF ' 
passed  on  into  the  interior  of  the  lacteal  vessels,  bat  how  they  pass, 
what  laws  govern  their  passage,  are  not  at  present  exactly  known* 
lympb-corpuscles  of  the  villi  are  however,  in  some  animals.  e,a.^  th 
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d  frog»  important  agents  in  effecting  the  passage  of  fat-pttrticles  into 
e  lactfcals,  Th^s-  oells  take  up  tlie  fat  which  hm  passed  through  the 
tlumnar  cells  and  then^  bj  reason  of  their  amoeboid  movement >  carry 
in  to  the  lacteal.  When  arrived  there  they  break  np  and  set  free 
►th  fat  and  proteid  mutter  thereby. 

The  process  of  absorption  is  aesistod  by  the  pressure  exercised  on 
le  contents  of  the  intestines  by  their  contractile  walls;  and  the  absorp- 
,on  of  fatty  particles  is  also  facilitated  by  the  presence  of  the  bile,  and 
e  pancreatic  and  intestinal  secretions,  which  moisten  the  absorbing 
rface. 

The  Lymphatics. — The  lymph  is  diluted  liquor  sanguinis,  which  is 
ways  exuding  from  the  blood-capillaries  into  the  interstices  of  the  tis- 
168  in  which  they  lie;  and  as  these  interstices  form  in  most  parts  of 
m  body  the  beginnings  of  the  lymphatics,  the  source  of  the  lymph  is 
fficiently  obvions.  In  connection  with  this  may  be  mentioned  the 
let  that  changes  in  the  character  of  the  lymph  correspond  very  closely 
rth  changes  in  the  character  of  either  the  whole  mass  of  blood,  or  of  that 
the  vessels  of  the  part  from  which  the  lymph  is  exnded.  Thus  it  ap- 
fears  that  the  coagulability  of  the  lymph,  although  always  less  than,  is 
irectly  proportionate  to  that  of  the  blood;  and  that  when  fluids  are  in- 
kcted  into  the  blood-vessels  in  sufficient  quantity  to  distend  them,  the 
^ected  substance  may  be  almost  directly  afterward  found  in  the 
fenphatics. 

Some  other  matters  than  those  originally  contained  in  the  exnded 
mor  sanguinis  may,  however,  find  their  way  with  it  into  the  lymphatic 
pMlfl.  Parts  which  having  entered  into  the  composition  of  a  tissue, 
d,  having  fulfilled  their  purpose,  require  to  be  removed,  may  not  be 
o^ether  excrementitions,  but  may  admit  of  being  reorganized  and 
»pted  again  for  nutrition;  and  these  may  be  absorbed  by  the  lym- 


cs,  and  elaborated  with  the  other  contents  of  the  lymph  in  passing 
im^h  the  glands, 

(2%^  Blood-  Vessels. — In  the  absorption  by  the  lymphatic  or  lacteal 
la  just  described  there  appears  something  like  the  exercise  of  choice 
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in  the  materials  admitted  into  them.  This  is  not  the  case  with  thi 
blood-vessels;  it  appears  that  every  substancey  whether  gaseons,  liquid 
or  a  soluble,  may  be  absorbed  by  the  blood-vessels,  provided  it  is  capable 
of  permeating  their  walls,. and  of  mixing  with  the  blood. 

Where  Absorption  May  Take  Place. 

In  the  Alimentary  Canal. — The  greatest  activity  of  absorption  occon 
in  the  alimentary  canal.  In  it  the  materials  of  the  duly  digested  food 
find  their  way  by  means  of  this  process  on  the  one  hand  into  the  blood- 
vessels of  the  portal  circulation,  and  on  the  other  into  the  lacteal  Tendi 
which  are,  as  we  have  seen,  the  commencements  of  the  lymphatic  Toodi 
of  the  intestines. 

In  the  Stomach, — Recent  experiments  have  shown  that  thoDghib* 
sorption  does  take  place  in  the  stomach,  it  is  not  as  active  as  was  fo^ 
merly  supposed,  even  in  the  case  of  water.  Von  Mering  has  foooti 
that  water  begins  to  pass  from  the  stomach  into  the  intestine  almoij 
as  soon  as  it  is  swallowed,  and  that  very  little  of  it  is  absorbed 
the  stomach.  Of  500  cc.  given  by  mouth  to  a  large  dog,  only  5 
were  absorbed  in  25  minutes,  the  rest  having  passed  into  the  in 
Peptones  and  sugars  are  absorbed  in  the  stomach,  but  only  to  a  limit 
extent,  and  tbo  samo  is  true  of  salts.  Fats  are  not  absorbed  at  all  iniki' 
stoniacli.  In  all  cat-es  ab8orj)tion  from  the  stomach  is  much  increased 
by  alcohol  anil  condiments,  such  as  pepper  and  mustard. 

Jn  the  SmtiU  Jniestme, — All  the  products  of  digestion  are  abeorbei 
in  tbo  small  intestine,  as  is  abundantly  shown  by  experiments.  Th 
absorption  of  fats  has  been  already  described.  Recently  absorptifll 
from  tho  small  intestine  has  been  studied  in  the  human  subject  in  tbi 
case  of  a  ])atient  who  had  a  fistulous  opening  in  the  lower  part  of  thi 
ileum.  Eighty-livo  per  cent  of  i\\Q  proteid  of  a  test-meal  was  absorbed 
before  tho  food  reached  the  fistula.  Though  water  and  salts  are  freelJJ 
absorbed,  the  intestinal  contents  does  not  lose  much  in  bulk  or  flaiditf 
because  of  the  quantity  of  water  added  in  the  alimentary  secretions, 
absorption,  sugar  is  changed  either  just  before  or  during  its  paseegl 
through  the  wall  of  the  intestine  from  maltose  into  dextrose. 

In  the  Large  Intestine, — A  great  deal  of  absorption  takes  place 
the  largo  intestine.  This  is  evident  from  the  fact  that  the  intestinil 
contents  is  very  fluid  when  it  enters  the  large  intestine,  and  almoi 
solid  when  it  leaves  it.  Its  contents  pass  through  the  large  intestifl 
very  slowly,  usually  occupying  about  12  hours.  In  addition  to  wati 
and  salts,  the  sugar,  proteid,  and  fats  not  absorbed  in  the  small  intestial 
are  almost  entirely  absorbed  here. 

The  power  of  absorption  in  the  large  intestine  sometimes  forms  il 


ABSOEPTIOK. 


439 


riant  feature  in  medical  practice.  When  patients  cannot  swallow 
\oi  liquid  food,  or  retaiu  what  bas  been  swallowed,  they  may  be 
shed  by  rectal  feeding.  The  large  intestiDe  eliows  a  remarkable 
*  in  its  iibilitj  to  absorb  imchanged  albumins,  such  as  white  of  egg, 
II  as  peptones  and  proteoBes,  Some  of  this  may  be  due  to  the  paes- 
r  the  nutrient  enema  back  into  the  small  intestine  past  the  ileo- 

Talve* 

I  the  stomach,  as  well  as  in  both  the  large  and  small  intestine,  the 
lotion  of  water,  salts,  proteids,  and  sugars  takes  place  chiefly  into 
lood -vessels. 

lifough  the  Skin, ^^It  has  been  shown  that  metallic  preparations 
id  into  the  skin  have  the  same  action  as  when  given  internally, 
in  a  less  degree.  Mercury  applied  in  this  mariner  exerts  its  spe- 
influence  upon  syphilis,  and  exciles  salivation;  potassio-tartrate  of 
lony  may  excite  vomiting,  or  an  eruption  extending  over  the  whole 
I  and  arsenic  may  prod  nee  poisonous  t^lTects.  Vegetable  matters, 
if  soluble,  or  already  in  solution,  give  rise  to  their  peculiar  effects, 
baxties,  narcotics,  and  the  like,  when  rubbed  into  the  skin.  The 
of  rubbing  is  probably  to  convey  the  particles  of  the  matter  into 
rificea  of  the  glands,  whence  they  are  more  readily  absorbed  than 
irould  be  through  the  epidermis.  When  simply  left  in  eontuct 
the  skin,  substances^  unless  in  a  fluid  state,  are  seldom  absorbed. 
has  long  been  a  contested  question  wdiether  the  skin  covered  with 
^idermis  has  the  power  of  absorbing  water;  and  it  is  a  point  the 
difficult  to  determine  because  the  skin  loses  water  by  evapomtion. 
ram  the  result  of  many  experiments,  it  may  now  be  regarded  as  a 
Bcertained  fact  that  such  absorption  really  occurs.  The  absorption 
er  by  the  surface  of  the  body  may  tuke  place  in  the  lower  animals 
apidly,     Not  only  frogs,  which  have  a  thin  akin,  but  lizards,  in 

the  cuticle  is  thicker  than  in  man,  after  having  lost  weight  by 
kept  for  sometime  in  a  dry  atmosphere, are  found  to  recover  both 
weight  and  plumpness   very  rapidly  when    immersed  in  w'ater. 

merely  the  tail,  posterior  extremities,  and  posterior  part  of  the 
t>f  the  lizard  are  immersed,  the  water  absorbed  is  distriboted 
;hout  the  i^ystem.  And  a  like  absorption  through  the  skin,  though 
Bfl  extent,  may  take  place  also  in  man. 

severe  cases  of  dysphagia,  when  not  even' fluids  can  be  taken  into 
^macb,  immersion  in  a  bath  of  warm  water  or  of  milk  and  water 
istiuge  the  thirst;  and  it  has  been  found  in  such  cases  that  the 
;  of  the  body  is  increased  by  the  immersion.  Sailors  also,  when 
lie  of  fresh  water,  find  their  urgent  thirst  allayed  by  soaking  their 
\  in  salt  water,  and  wearing  them  in  that  state;  bat  these  effects 
part  due  to  the  hindrance  to  the  evaporation  of  water  from  the 
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Through  the  Lungs. — It  is  a  remarkable  fact  that  not  only  iB  tki| 
epitheliam  of  the  pulmonary  air  Tesicles  able  to  allow  the 
through  it  of  gases  and  volatile  substances,  but  that  also  vnder  < 
conditions  fluids  such  as  water  may  also  be  absorbed,  and  besides  1 
the  presence  of  carbon  particles  in  the  bronchial  glands  and  eliewli 
in  connection  with  the  lungs  must  point  to  the  pulmonary  epithefiB 
as  the  only  possible  channel  of  their  absorption. 


OHAPTEK  XL 

METABOLISM,   NL'TRITION,  AKD  DIET. 

The  term  metabolism  is  the  Eaglish  equivalent  of  the  German  Sioff- 
th^elf  meaniDg,  literally,  an  exchange  of  material.     In  its  broadest 
lijraiological  eeose  it  includes  the  study  of  the  exchange  of  material 
l!>«tweeii  the  tissues  of  the  body  and  tbeir  surrounding  media.     Strictly 
aking,  digestion,  secretion,  and  excretion  should  he  included.    These 
ibjects  are  for  convenience,  however,  discussed  in  detail  under  separate 
apters,  and  will  be  considered  here  only  in  their  essential  relation  to 
etaboHsm   in   general     This   includes  the  study  of  the  income  and 
itgo  of  material;  the  storing  of  energy  in  the  body;  the  transfer  of 
lis  potential  energy  into  kinetic  energy  ;  and  the  nutrition  of  the  Tari- 
i£  tissues.     The  building  up  of  absorbed  food  material  into  the  pro  to* 
am  of  the  cell  or  of  simpler  compounds  into  more  complex  ones, 
lieh  may  be  stored  in  the  tissues,  is  known  as  fimtboiismf  and  the  com- 
mda  themselves  as  anaboh'fe.^.     The  breaking  down  of  these  substances 
simpler  forms,  whereby  the  potential  energy  of  the  anabolites  ia 
laformed  into  kinetic  energy,  is  known  as  kaiaboiism^  and  its  products 

In  order  to  form  an  estimate  of  these  processes  going  on  in  the  body^ 
jie  amount  and  nature  of  the  ingested  material  must  be  known,  as  well 
^ the  amount  of  refuse  or  unused  material  that  passes  out  of  the  ali- 
atary  canal  as  faeces,  and  the  amount  of  excreted  material  from  the 
tarious  excretory  organs. 

The  food  ia  intended  to  supply  the  place  of  the  material  which  has 

utilized  by  the  body,  and,  in  a  simpler  form,  eliminated  in  the  ex- 

DDS.     But  in  the  choice  of  a  diet  this  is  not  enough  ;  the  food  should 

icient  to  supply  such  need  without  waste  and  without  unduly  in- 

ing  the  output  of  excreta,  while  at  the  same  time  the  body  should 

I  maintained  in  health,  without  increase  or  loss  of  weight. 

These  requisites  of  a  diet  scale  then  allow  for  wide  alterations  in  the 

[iont  of  different  kinds  of  foods  under  different  circum  eta  noes. 

Careful  analyses  of  the  excreta,  many  of  which  we  have  already  had 

|ion  to  call  attention  to,  show  that  they  are  made  up,  besides  water, 

lyof  the  chemical  elements  carbon,  hydrogen,  oxygen,  and  nitrogen, 

lit  that  they  also  contain,  to  a  less  extent,  sulphur,  phosphorus,  chlorine, 

arinm,  sodium,  and  certain  other  of  the  elements.     Since  this  ia  the 
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case  it  must  be  evideDt  that  to  balance  this  waste,  foods  must  be  supplied 
coutaining  all  these  elements  to  a  certain  degree,  but  some  of  them,  Tii., 
those  which  take  a  principal  part  informing  the  excreta,  in  large amoaot 

Of  the  excreta  the  carbon  dioxide  and  ammonia,  which  are  made  op 
of  the  elements  carbon,  oxygen,  nitrogen,  hydrogen,  are  given  (A 
from  the  lungs.  By  the  urine  many  elements  are  eliminated  fromthi 
blood,  esj)ecittlly  nitrogen,  hydrogen,  and  oxygen.  In  the  sweat,  thi 
elements  cliiefly  represented  are  carbon,  hydrogen,  and  oxygen,  and 
these  are  also  those  of  which  the  faeces  are  made.  By  all  the  excretioni 
large  quantities  of  water  are  got  rid  of  daily,  but  chiefly  by  the  urinfti 

The  relations  between  the  amounts  of  the  chief  elements  contaiodi 
in  these  various  excreta  in  twenty-four  hours  maybe  thus  summarised:— 


Water. 

C. 

H. 

N. 

0. 

Pv  thf»  InngT* . 

830 

660 

1700 

128 

248.8 
2.6 
9.8 
20. 

8.8 
8. 

? 

15.8 
8. 

65LU 
1% 
11.1 
11 

By  the  skin 

By  the  urine 

Bv  the  f leces 

Grammes 

2818 

281.2 

6.8 

18.8 

68141 

From  this  should  be  subtracted  the  296grms.  water,  which  are  pro- 
duced bv  the  union  of  hydrogen  and  oxygen  in  the  body  during  the 
proeeSv^  of  oxidation  (/.  c,  33  hydrogen  and  2G2  oxygen).  There areH 
^rrnis.  of  salts  got  rid  of  by  the  urine,  and  6  by  the  faeces;  totil, 
3'2  gnus. 

The  quantity  of  carbon  daily  lost  from  the  body  amounts  to  aboni 
2S1.'2  grins,  (nearly  4,500  grains),  and  of  nitrogen  18.8  grms.  (nearly 
300  grains),  and  if  a  man  could  lx»  fed  by  these  elements,  as  such,  thi 
problem  would  be  a  very  simple  one;  a  corresponding  weight  of  cha^ 
coal  and,  allowing  for  the  oxygen  in  it,  of  atmospheric  air,  would  be 
that  is  necessary.  But  an  animal  can  live  only  upon  these  elem' 
when  they  are  arranged  in  a  particular  manner  with  others,  in  thefoi 
of  such  food-stulTs  as  we  have  already  enumerated,  p.  339  et  seq,;  moi 
over,  the  relative  proportion  of  carbon  to  nitrogen  in  either  of  tl 
compounds  alone  is,  by  no  means,  the  proportion  required  inthedi 
of  man.  Thus,  in  proteid,  the  proportion  of  carbon  to  nit 
is  only  as  3.5  to  1.  If,  therefore,  a  man  took  into  his  body,  as  f < 
;<ut1irient  proteid  to  supply  him  with  the  needful  amount  of  carbon, 
would  re(*eive  more  than  four  times  as  much  nitrogen  as  he  wani 
and  if  he  took  only  sutVioient  to  supply  him  with  nitrogen,  he  would 
starved  for  want  of  carbon.  It  is  plain,  therefore,  that  he  should  til 
with  the  albuminous  part  of  his  food,  which  contains  so  large  a  reh^ 
anuumt  of  nitrogen  in  j^roportion  to  the  carbon  he  needs,  substances i 
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th  the  nitrogeii  exists  iu  niedi  smaller  quaotities  relatively  to  the 

ton. 

It  is  therefore  evident  that  tlie  diet  must  consist  of  several  sobatanees, 

I  of  one  alone. 

Many  valuable  obser^^atioiis  have  been  made  with  a  view  of  ascertain- 

;  the  effect  upon  the  raetabolisui  of  a  variation  in  the  amount  and 

lire  of  food.     These  are  of  great  assistance  iu   the  oousi deration  of 

eticfl. 

Effect  of  a  Proieid  i)f>/,— Experiments  have  been  made,  to  aconsider- 

I  extent  upon  dogs,  which  ilernonstrute  the  eiTwt  of  proteid  food. 

Br  a  period  without  food,  during  which  the  output  of  nitrogen,  as 

*ni  by  the  urea,  haa  diminished  to  a  certain  amount,  the  animal  is 

with  a  diet  of  lean  meat  which  would  suthce  to  produce  the  amount 
urea,  and  so  of  flesh,  which  it  baa  beeu  losing  during  its  starvation 
,od.  The  effect  of  this,  however,  is  at  once  to  send  up  the  amount 
irea  excreted  to  a  point  above  tlmt  which  it  ha^  been  previous  to  the 
imeneement  of  its  tlesh  diet,  so  that  again  the  output  of  nitrogen 
Id  exceed  its  income,  and  the  weigiit  of  the  animal  would  continue 
iy  to  diminish.  It  is  only  after  a  considerable  increase  of  the  Hesh 
n  that  a  point  is  reached  where  the  income  and  expenditure  are 
ll,  and  at  which  the  animal  is  not  using  up  quickly  or  slowly  the 
Dgen  of  his  own  tissue,  and  is  no  longer  losing  flesh.  This  condition 
hich  the  nitrogen  of  the  egetta  equals  the  nitrogen  of  the  ingesta  is 
WJX  as  nitrofjenous  ffjuifibrntm.     In  the  dog,  according  to  Waller,  it 

not  occur  until  the  amount  of  flesh  of  the  food  is  over  three  times 
reat  as  would  be  necessary  to  supply  the  nitrogen  of  the  urea  during 
tiod  of  starvation.  Thus  a  dog  excretes  during  a  starvation  period 
grms.  of  urea  per  kilo  of  hody  weight;  iu  order  to  satisfy  this  it 
id  be  Deoassary  to  administer  1.5  grms.  per  kilo  of  meat;  this  at 

increases  urea  excreted  to  about  0.75  grms.  per  kilo  of  body  weight, 
litrogenons equilibrium  is  not  attained  until  over  three  times — viz., 
na.  per  kilo  of  bo<!y  weight  of  meat  is  given.  Foster  gives  even  a 
r  fignre.  The  effect,  therefore,  of  proteid  food  is  largely  to  increase 
(xcretion  of  urea,  which  indicates  increase  of  the  metabolism  of  the 

;  must  not  be  thought  however  that  during  nitrogenous  efjuilibrium 
I  ia,  of  necessity,  equilibrium  of  carbon.  On  the  coutrury,  it  is  very 
jle  that  the  carbon,  as  supplied  by  the  large  amount  of  meat,  is  not 
&Iy  eliminated,  but  nuiv  be  partially  retained  iu  the  hody.  If  re- 
1  in  the  body  it  is  probably  letaiued  in  the  form  of  fat,  although 
lljr  it  naight  be  retained  partially  as  some  carbohydrate,  ^,r/.,  gly- 
i;  but  the  amount  of  glycogen  olitained  from  the  body  is  too  small 
le  latter  to  be  appreciable.  The  animal  in  nitrogenous  equilib- 
^fe|erefare»  may  gain  weight,  although   not  iu  the  form  of  flesh. 
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Thf  ron verse  maj  also  bo  tbe  case,  the  animal  getting  ritl  of  more caibcoi 
than  the  meat  supplies,  in  which  case  he  would  lose  weight  bat  woaM 
not  lose  ^eah. 

The  proteida  of  food  are  deaorlbed  by  Voit  aa  hATiag  two  relatioM 
to  the  proteid  metal>ulii*ni  and  tu  uutgoing  urea;  the  first  part  going  to 
maintain  the  ordinary  and  quiet  metabolism  of  the  tiasue§>  for  whid 
purpose  it  is  actually  built  up  into  their  molecule,  and  the  seoond 
causing  a  more  rapid  formation  of  urea  and  rapid  proteid  me' 
but  never  forming  a  part  of  the  actual  protoplasmic  molecule. 
former  proteids  are  chilled  morpholic  or  timne  proteids,  the  latter 
laiing  or  Jtoating  proteid s,  Normally  more  proteid  is  eaten  tbio 
needed  to  supply  proteid  waste.  Ffltlger  has  pointed  out,  howerer, 
the  tissues  must  have  an  excess  of  proteid  to  destroy  in  order  to  perfonn 
their  metabolic  processes  normally.  This  use  of  the  proteids  to  form 
their  oxidation  heat  and  not  to  produce  tissue  was  looked  upon  b; 
older  pliysinlogigts  as  a  wasteful  use  of  good  material,  and  was  calkl 
IttJCHS  mnsu  m  J  ft  ton . 

The  condition  of  nitrogenous  equilibrium  (f.^.,  the  income  and 
put  being  equal)  is  one  which  may  be  maintained  even  if  the  amotmtilfj 
proteid  taken  m  diet  far  exceeds  the  nece^i ties  of  the  economy,  theo: 
being  excreted  in  excessive  amount,  and  the  wasteful  use  of  proteid  f( 
which  is  so  comniou  may  not  be  attended  with  harmful  con.^' 
80  long  m  the  liver  is  able  to  do  its  work  in  the  formation  of  xu\ 
body  may  or  may  not  increase  in  weight,  but  if  the  liver  strikes 
from  any  cause^  a  condition  of  lithiasis,  or  of  gout,  follows. 

It  has  not  actually  been  proved,  but  it  is  not  unlikely,  that  even 
the  condition  of  lithiasis,  the  nitrogen  of  the  ingesta  may  not 
exceed  that  of  the  egesta,  but  that  the  mode  of  elimination  is  difl< 
It  is  only  in  cases  of  growth  or  putting  on  of  flesh,  as  in  growing 
dren,  that  nitrogen  is  retained  in  the  body,  except  to  a  very  small  ann 
in  health. 

According  to  calculations  which  have  been  made,  it  appears 
the  body  pots  on  thirty  grammes  of  flesh  for  every  gramme  of  nil 
BO  retained* 

As  regards  the  retention  of  carbon  in  the  botly,  it  is  calculated 
one  gramme  and  a  half  of  weight  is  put  on  for  each  gramme  by  wi 
the  ingeata  of  carbon  is  greater  than  the  egesta. 

The  Effect  of  an  Albuminoid  Did. — The  albuminoid  which  is 
in  greatest  quantity  is  gelatin.     Though  gelatin  closely  resemblcfi  i 
proteid  molecule  chemically,  it  cannot  replace  the  proteid  of  the  J 
In  other  words,  nitrogenous  equilibrium  caunot  be  maintained  on  adi 
oonatstiug  of  gelatiu,  carbohydrates,  and  fats,     Proteid  food  is  il>   ^| 
lately  essential  to  the  reconstruction  of  the  proteid  moleculf,      G^li 
ia  one  of  the  proteid  substances  whose  food  value  is  comparable  to  tb 
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&arbohjdrates  and  fats,  as  the  following  experiiiienta  will  prove:  In 
» case^  when  500  grms.  of  food,  without  aiiv  gelatiu^  formed  tho  diet, 
\  subject  lost  tJ2  grms,,,  but  when  200  grms.  of  gelatiu  were  added,  the 
Qect  gained  54  grmg.  In  another  experiment-,  when  the  diet  consisted 
Z,nO<)  grm^.  of  meat  without  gelatin,  the  gain  was  30  grms.,  but  when 
t  grms.  of  gelatin  were  added,  the  gain  became  376  grms.  The  lack 
real  proteid  food  value  is  proven  by  a  third  experiment  in  which  the 
t  consisted  at  first  of  200  grms.  each  of  meat  and  of  gelatin;  here  the 
n  was  25  grms.,  but  when  the  meat  was  omitted  and  the  gelatin  alone 
len,  there  was  a  loss  of  118  grms.  In  these  casee  gelatin  did  not  take 
i  place  of  proteid  in  any  sense,  but  rather  saved  it  from  work.  The 
►teid  was  so  protected  tbat»  instead  of  being  used  up,  it  helped  to 
ID  tissues  and  increased  the  body  weight.  Gelatin,  therefore,  saves 
ler  material  for  constructive  procesfies. 

^Formation  of  Urea. — Having  studied  the  uses  of  proteids  in  tbebodyi 
may  next  turn  our  attention  to  their  conversion  to  urea»  the  form  in 
ich  the  used-up  proteidi*  chiefly  leave  the  body.  The  method  of  fornia- 
pof  urea,  as  well  as  the  place  where  this  occurs,  has  given  rise  to  great 
■troTerey,  while  most  of  the  intermediate  products  between  proteids 
I  urea  have  not  as  yet  been  determined.  We  can  state  with  certainty 
\t  urea  is  not  formed  in  the  kidneys,  since  it  is  not  only  found  in  the 
pif-of  the  renal  artery,  but  it  accumulates  in  the  blood  if  the  kidneys 
diseased  or  removed  and  the  separation  of  the  urine  is  interfered  with. 
EI8  it  seems  reasonable  to  assume  that  the  function  of  the  kidneys, 
nr  as  the  more  important  solid — urea — is  concerned,  is  only  one 
separation.  This  will  be  discussed  under  the  heading  of  the  method 
Jie  secretion  of  the  urine.     It  remains  to  consider  here  the  question  of 

origin  of  the  Tirea  which  is  found  in  the  blood,  and  its  method  of 
tnation. 

At  the  present  time  it  ia  believed  that  urea  is  formed  in  the  liver. 
B  conclusion  is  borne  out  by  a  number  of  experiments.  The  power  of 
liver  cells  to  form  urea  is  shown  by  the  increase  of  urea  in  the  blood 
ing  an  isolated  (and  living)  liver,  through  which  an  artificial  circula- 

]s  kept  up,  when  ammonium  carbonate,  or  other  ammonium  salts, 
added  to  the  blood.  The  same  change  occurs  even  when  liver  is 
iped  up  and  simply  mixed  with  the  ammonium  compounds  in  a 
:er;  this  shows  that  the  change  is  due  to  the  metabolic  activity  of 
r  cells.      The  reaction  is  probably  as  follows: 


(NHJ,C0.-2H,0  =  COX,H,. 


blood  from  a  well-fed  animal  be  circulated  through  the  isolated 
there  is  a  distinct  increase  in  the  amount  of  urea  it  contains.     On 


H 


44G 


HANDBOOK  OF   PHTSIOtOOY, 


tUe  other  hand,  if  the  blood  be  from  a  fasting  animal,  there  is  no  io* 
orease  of  urea.  Evideutlji  then,  the  blood  from  a  ivell*fed  aninal  ooo- 1 
t&ina  gomethiug  which  the  liver  oells  are  capable  of  transfonning  to  | 
urea.  Ami,  hDuli}%  if  the  Hver  be  reraoTed  and  the  animal  kept  ili^,  | 
aa  has  been  done  (Pawlow),  there  is  a  marked  diminution  io  tiieqiuti- 
tity  of  orea  in  the  urine.  The  power  of  the  liver  to  form  nrea  ii  tkal 
demoiistiuteJ,  and,  moreover,  the  fact  that  the  liver  forms  fromswwj 
antecedent  fiubatance  the  greater  part  of  the  urea  eliminated. 

The  question  which  now  presents  itself  is,  What  is  thisanti 
substance  ur  Mubstauces? 

Urea  is  the  end-product  of  the  oxidation  of  proteids.     It  wafi  foinierif  1 
thought  that  urmi  was  funned  directly  from  some  antecedent  among ii»j 
closely  rehited  products  of  proteid  metabolism,  such  ascreatin,  creatiDiD,| 
leucin,   tyrosiu,    xanthin^    bypoxanthin,   etc.     Creatinin   at  one 
seemed  the  most  probable  source,  because  in  laboratory  eiperim^ntii 
decomposes   into   urea   and   sarcosiu.      Attention  was  also  directed  I 
leticiu  and  tyroBin,  which  are  found   in    practically  all  the  ghM 
orgiins  of  the  body.     It  was  found  that  when  leucin  was  fdd  toaJ 
the  ajnount  of  urea  in  the  urine  was  considerably  increased,  bat  i 
leucin  itself  did  not  appear;  the  same  phenomena  were  noticed 
glycin,    sarcosin,  and  the  amido  acids.      It  was  also   known  that 
acute  yellow  atrophy  of  the  liver,  a  disease  characterized  by  degenerali 
of  the  liver  cells  with  consequent  loss  of  functional  power,  the  ureal 
the  urine  was  replaced  by  leucin  and  ty rosin.     Experimental  iove 
tion^  however,  did  not  justify  any  of  these  theories. 

Finally  it  was  found  that  when  ammonia  was  fed  to  animab,) 
nitrogen  appeared  in  the  urine  in  the  form  of  urea.  Due  invefitigilj 
of  this  fact  led  to  the  belief  that  proteids  were  first  broken  down  to  ( 
ammonia  stage  and  then  again  built  up  into  urea  by  the  liver.  Fori 
long  time  it  was  thought  that  this  stage  was  represented  by  ammoDin 
carbonate,  but  in  view  of  recent  experiments  this  idea  has  been  gii 
np,  and  it  is  now  believed  that  ammonmm  carbamate  isthetraei 
cedent. 

In  these  experiments  the  liver  was  first  shut  out  of  the  general  ( 
culation  by  (Eck's  fistula)  connectijig  the  portal  vein  with  the  be 
artery;  the  results  of  this  operation  are,  for  all  practical  pur 
equivalent  to  actual  removal  of  the  liver.  When  animals  survived  I 
operation  it  was  found  that  they  could  live  if  fed  very  carefully* 
mixed  diet  from  which  proteids  were  almost  entirely  elinunated,  1 
that  if  the  food  contained  an  excess  of  proteids,  convulsions  eoaoed  i 
proved  fatal.  Further  investigation  of  the  composition  of  the  u* 
and  blood  showed  that  proteid  metabolism  was  represented  in  theiui 
ammonium  carbamate  and  not  by  urea,     x^mmonium  carbamate  was  1 
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ited  iDtothe  blood  of  other  animals  ;  whtin   a  larger  qiiaatity  was 
tbau  the  liver  could  dispose  of,  tleatb  eusiietl,  following  coiivulsioBS 
]e  same  nature  as  tbose  produced  by  an  excess  of  proteid  food  in  the 
aala  which  had  been  operated  on. 

i^mmoninin  carbamate  is  thus  ihown  to  be,  in  part  at  least,  the  direct 
K:edeot  of  urea;  it  h  also  shown  to  be  a  toxic  substance  which  may 
Be  death  by  accumulatiog  in  excess.  The  reaction  by  which  the  liver 
nges  it  to  the  inert  form  of  urea  is  as  follows; 


k 


i Ammonium  carbamate.)  (Uraa.) 


The  maDDer  in  which  absorbed  proteids  are  changed  to  ammonium 
braate,  etc.,  is  as  yet  undecided.  According  to  one  tlieory,  while 
1  ID  the  circulating  njedium,  they  are  metabolized  by  direct  contuct 
b  ihe  living  bioplasm  of  the  tissues;  according  to  another,  tliey  must 

be  incorporated  in  the  body  tissues  and  then  changed.  The  inter- 
iate  steps  occur  chiefly  in  muscle  tissue,  and  there  ia  great  reason  to 
)OBe  that  some  of  the  steps  are  represented  by  various  nuisele  extrac- 
I  8ueh  as  creatinin,  hvpoxanthiu,  etc.  These  substances  probably 
k  down  into  carbon  dioxide,  ammonia,   and  amido-acids,  and  are 

bailt   up  by  synthetic  processes  into  aniinonium  carbonate,  and 

by  dehydration  c banged  to  ammonium  carbamate.  Another  possible 
Cedent  is  ammonium  hictate;  this  is  derived  from  the  lactic  acid 
h  is  produced  in  large  quantities  in  the  muscles.  Muscular  activity 
jases  the  elimination  of  urea,  but  the  increase  is  very  slight,  and 
I  is  BO  direct  relationship  between  the  amount  of  work  done  and  the 
int  of  nitrogen  excreted. 

'here  is  experimental  evidence  to  show  that  while  the  liver  pro- 
I  the  major  part  of  the  urea  eliminated,  other  organs   or  tissues 
npable  of  forming  it  to  a  limited  degree. 
^irtnaiion  of  Uric  AvuL — Uric  acid  probably  arises  much  in  the 

way  as  urea.  The  rekiiion  which  uric  acid  and  urea  bear  to  each 
\  as  we  have  seen,  is  still  obscure.  The  fact  that  they  often  exist 
her  in  the  same  urine,  makes  it  teem  probable  that  they  have  differ- 
rigins;  but  the  entire  replacement  of  one  by  the  other,  as  of  urea 
ric  acid  in  the  urine  of  birds,  serpents,  and  many  insects,  and  of 
ftcid  by  urea»  in  the  urine  of  the  feline  tribe  of  Mammalia,  shows 

close  relationship.     But  altliough  it  is  true  that  one  molecule  of 
acid  is  capable  of  splitting  up  into  two  molecules  of  urea  and  one 
Bs-oxalic  acid,  this  is  no  evidence  that  uric  acid  is  an  antecedent  of 
in  the  nitrogenous  metabolism  of  the  body. 
be  intimate  relations  which  exist  between  several  other  of  the  ni- 
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trogenoQB  eztractivea  and  uric  acid  will  be  seen  by  a  reference  to tbt 

XoniuiIiiB: — 

Hypoxantliiu  or  Camin r  tt  v  o 

Xanthio            ...•.,,, 
Uric  Acid < 

Formation  of  Hippuric  Acid. — The  source  of  hippnric  acid  \% 
ififactorily  determintHl  j  in  part  it  is  probably  derived  from  some 
uents  of  vegetable  diet,  tbough  man  has  do  liippuric  acid  in  hiafoo 
Bor,  commonly,  any  benzoic  acid  tiiat  might  be  converted  into  it; 
part  frotn  the  natural  dieintegration  of  tissues,  independent  of  vegetil 
food,  for  Weiamann  constantly  found  an  appreciable  qoantity,  even  ill 
living  on  an  exclusively  animal  diet/  Hippuric  acid  arises  from  d 
union  of  ben5!oic  acid  with  glycin  (0,H^XO,  +  C,H,0,  =  C,H,KO,^ 
H,0),  which  union  probably  takes  place  in  the  kidnevs  themselves.  Il 
possible  that  the  aromatic  radicle  in  thia  reaction  is  obtained  from  I 
splitting  up  of  tyrosin,  which  appears  so  frequently  as  a  result  of  ll 
decomposition  of  proteid,  the  ammonia  radicle  with  which  itisiaoi 
ated  going  to  form  urea. 

The  source  of  the  extractives  of  the  urine  is  probably  in  chief  jl 
metabolism  of  the  nitrogenous  tissues,  but  wo  are  unable  to  say  whcti 
these  nitrogenous  bodies  are  merely  accidental,  having  resisted  furti 
decomposition  into  nrea^  or  whether  tbey  are  the  representatiTOB of  1 
decomposition  of  special  tisanes,  or  of  special  forms  of  inetaboliio| 
the  tissues.  There  is,  however,  one  exception,  and  that  is  in  tlififl 
of  kreatinin ;  this  represents  not  only  the  kreatinin  which  enteiil 
body  in  ordinary  flesh  food,  but  nitrogenous  waste  as  weU. 

Effert,^  of  Fa!»  and  Carbohydrates  as  Food. — Experiments  illiistfstf 
the  ill-effects  produced  by  feeding  animals  upon  one  or  two  alimenli 
substances  only  have  been  often  performed. 

Dop  were  fed  exclusively  on  sugar  and  didilUd  water.  Daring  I 
first  seven  or  eight  days  they  were  brisk  and  active,  and  took  their  W 
and  drink  as  usual;  but  in  the  course  of  the  second  week  they  begia 
get  thin,  although  their  appetite  continued  good,  and  they  took  dl 
between  six  and  eight  ounces  of  sugar.  The  emaciation  increased  darii 
the  third  week,  and  tbey  became  feeble,  and  lost  their  activity  andl 
petite.  At  the  same  time  an  ulcer  formed  on  each  cornea,  foUoired 
an  escape  of  the  humors  of  the  eye:  this  took  place  in  repeated 
ments.  The  animals  still  continued  to  eat  three  or  four  ounces  of 
daily;  but  became  at  length  so  feeble  as  to  be  incapable  of  motion, 
died  on  a  day  varying  from  the  thirty-firBt  to  the  thirty-fourth.  On 
section  their  bodies  presented  all  the  appearances  produced  by  death 
starvation ;  indeed,  dogs  will  live  almost  the  same  length  of  time  wi 
any  food  at  all. 

When  dogs  were  fed  exclusively  on  gnm^  results  almost  similar 
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e  ensued.  When  they  were  kept  on  ohve-otl  and  tmler^  all  the 
enoniena  prodciced  were  the  Bunie^  except  that  no  ulceration  of  the 
mea  took  place;  tba  eilecta  were  also  the  game  with  hutter.  The  ex* 
fiments  of  Chossnt  and  Letellier  prove  the  same;  and  in  men,  the 
me  is  shown  by  the  various  diseases  to  which  tliose  who  consume  hut 
ttle  nitrogenous  food  are  liablcj  aud  especially  by  the  alloc tion  of  the 
mm  which  is  observed  in  IlinJus  feeding  aloiost  exclusively  on  rice. 

The  nutritive  function  of  fats  and  carbohydrates  in  the  body  is  to 

rve  as  a  source  of  energy.     They  are  oxidized,  with  tho  nltiniate  pro- 

iction  of  carbon  dioxide  and  water,  and  must  liberate  the  same  amount 

energy  as  when  burned  outside  the  body.     A  given  amount  of  fat, 

i^ever,  furnishes  more  energy  tlian  a  corresponding  amount  of  cither 

ftieid  or  carbohydrate*     The  stock  of  fat  in  the  animal  body  will  de- 

the  fatal  consequences  of  the  deprivation  of  food.     The  percentage 

of  fat  in  a  starving  animal  ia  given  on  page  454. 

77i€  Formation  of  Glyrmjen  {Glycogenesis). — The  important  fact  that 

liTer  normally  forms  sugar,  or  a  substance  readily  convertible  into 

waa  discovered  by  Claude  Bernard  in  the  following  way:  he  fed  a 

f  for  seven  days  with  food  containing  a  large  quantity  of  sugar  and 

peb;  and^  as  might  be  expected ,  found  sugar  in  both  the  portal  and 

tic  blood.     Tkit  when  this  dog  was  fed  with  meat  only,  to  his  syr- 

f,  gngar  was  still  found  in  the  blood  of  the  hepatic  veins.     Repeated 

fiments  gave  invariably  the  same  result;   no  sugar  being  founds 

er  a  raeat  diet,  in  the  portal  vein^  if  care  w^ere  takt^n,  by  applying  a 

tare  on  it  at  the  traua verse  llasore,  to  prevent  reflux  of  blood  from 

hepatic  venous  eystenu     Bernard  found  sugar  also  in  the  substance 

he  liver.     It  thus  seemed  certain  tlnit  the  liver  formed  sugar,  even 

m,  from  the  absence  of  saccharine  and  amyloid  matters  in  tho  food, 

conld  be  brought  directly  to  it  from  the  stomach  or  intestines. 

?rnard  found,  subBcqucntly  to   the  before-mentioned   experiments, 

I  liver,  removed  from  the  body,  ami  from  which  all  augur  bad  been 

lletely  washed  away  by  injecting  a  at  ream  of  water  through  its 

l^TesBek,  after  the  lapse  of  a  few  houra  contained  Bug^ir  in  abun- 

e.     This  post*mortom  production  of  augar  was  a  fact  which  could 

be  explained  on  the  supposition  that  the  liver  contained  a  substance 

ily  convertible  into  sugar;  and  tiiin  theory  was  proved  cori'cct  by  the 

ery  of  a  substance  in  the  liver  allied  to  starch,  and  now  generally 

ed  glycogen, 

ITe  may  believe  that  glycogen  is  first  formed  and  stored  in  the  liver 

»nd  that  the  sugar,  when  {iresent,  is  the  result  nf  its  transformation. 

ree  of  Glt/voyeu, — Althougli,  as   before  nieutionud,  the  greatest 

t  of  glycogen  is  produced  by  the  liver  upon  a  diet  of  starch  or 

a  certain  quantity  is  produced  upon  a  proteid  diet.     The  glyco- 

hen  stored  in  the  liver  cells  may  readily  be  demonstrated  in  sec- 
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tions  of  liver  containing  it  by  its  reaction  (red  or  port-wine  ookr)  will 
iodine,  and  moreover,  when  the  hardened  aeotiona  are  ao  tmM  M 
the  glycogen  is  disBolTed  ont,  the  protoplasm  of  the  cell  ia  8o  noMd 
as  to  appear  little  more  than  a  framework.  There  is  no  donbt  lUii 
the  liver  of  a  hibernating  frog  the  amount  of  glycogen  atmred  np  infti 
oater  parts  of  the  liver  cells  is  yery  oonaidendde. 

Average  amount  of  Glycogen  in  the  Liver  of  Dogs  under  Vanmu  Dii 

(Bivy). 

Animal  food 7.19  per  oirf 

Animal  food  with  sagar  (about  ^  lb.  of  sugar  daily)         14.5      " 
Vegetable  diet  (potatoes,  with  bread  or  barley  meal)         17.S3     " 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  In 
taken  is  also  well  shown  by  the  following  results,  obtained  by  theai 
experimenter:  i 

Average  quantity  of  Glycogen  found  in  the  Liver  of  Babbits  after  m^ 
ing^  and  after  a  diet  of  Starch  and  Sugar  respectively. 

Average  Amoypt  of  Olyeogn  iilli 

After  fasting  for  three  days  Practically  absent 

diet  of  starch  and  grape-sugar        .         .     15.4  per  cent 
cane-sugar  .         .         .         .16.9 

Glycogen  is  also  formed  on  a  gelatin  diet,  but  fats  taken  in  asfood^ 
not  incirease  its  amount  in  the  cells.  The  diet  most  favorable  to  I 
production  of  a  large  amount  of  glycogen  is  a  mixed  diet  conta]D]fl|| 
large  amount  of  carbo-hydrate,  but  with  some  proteid.  Olycerin  iii]6il| 
into  the  alimentary  canal  may  also  increase  the  glycogen  of  the  liver,  j 

Destination  of  Glycogen. — There  are  two  chief  theories  as  to  the dfl 
nation  of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted 
sugar  during  life  by  the  agency  of  a  ferment  {liver  diastase)  alsofofli 
in  the  liver;  and  that  the  sugar  is  conveyed  away  by  the  blood  of 
hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.)  That 
conversion  into  sugar  only  occurs  after  death,  and  that  during  lih 
sugar  exists  in  healthy  livers;  glycogen  not  undergoing  this  transfal 
tion.  The  cliief  arguments  advanced  in  support  of  this  view  sNi 
that  scarcely  a  trace  of  sugar  is  found  in  blood  drawn  during  lifol 
the  right  ventricle,  or  in  blood  collected  from  the  right  side  of  thel 
immediateUi  after  an  animal  has  been  killed;  while  if  the  examini 
be  delayed  for  a  very  short  time  after  death,  sugar  in  abundanoe 
be  found  in  such  blood;  (6),  that  the  liver,  like  the  venons blood ii' 
heart,  is,  at  the  moment  of  death,  completely  free  from  sugar,  althi 
afterward  its  tissue  speedily  becomes  saccharine,  unless  the  formstioi 
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kar  be  prevented  by  boiling,  or  otbur  nieaiia  calculated  to  iuterfere 
lib  the  action  of  a  formeuL 

Instead  of  adopting  the  \\mv  Unit  normally,  during  life,  glycogen 
lUas  a  store  of  curbo-hydnite  niuterial  to  be  converted,  little  by  little, 
tto  sugar  £u£  occaaion  requires,  and  that  it  passes  as  sugar  into  the  he- 
Itic  venous  blood,  to  ho  conveyed  to  the  tissues  to  he  furtlicr  disposed 
',  Pavy  inclirRS  to  the  belief  that  it  may  represent  an  intermediaicj 
igeiu  the  formation  of  fat  from  materials  absorbed  from  the  alimen- 
^jcanaK     There  is  little  evidence  in  favor  of  this  view,  and  although 

IB  possible  that  the  liver  cells  may,  in  some  way  or  other  (not  at  pres- 
it  anderstood),  be  able  to  convert  part  of  ittj  s^tore  of  glycogen  ioto  lat, 
te  consensus  of  opinion  inclines  to  the  holief  that  most  of  the  glycogen 

Iites  the  liver  ae  sugar. 
Indeed,  wherever  glycogen  is  found,  in  the  muselcs,  in  tliu  i>lacenta, 
elsewhere,  it  must  ho  looked  upon  us  a  store  of  carbo-hydrate  material 
lich  may  bo  oxidi/.ed  to  furnish  energy  to  the  body.  Whether  the 
gen  which  probably  reaches  the  muscles  as  sugar  is  reconverted  into 
ogen  before  it  is  built  up  as  it  were  into  the  protoplasmic  molecule 
lOt  known. 

T/ie  relation  o/tfii/mf/en  ia  ihe  ceil  mduboUnm. — It  is  not  exactly  known 
ft  her  the  glyijogen  is  formed  simply  by  a  process  of  dehydration  of 
6ugar  which  reaches  the  cells  in  tlie  portal  blood,  or  whether 
cells  by  their  nn^tabolism  are  usually  in  the  habit  of  form- 
glycogen  or  sngar  which,  during  fiisting  and  other  similar  conditions, 
i  once  discharged  into  the  liepatic  blood  to  bo  used  up  by  the  tissues, 
which  is  stored  up  in  the  cells  as  glycogen  as  long  as  there  ia  suflic* 
;  sugar  in  the  blood  without  it,  or  as  long  as  the  tissues  arc  so  quiescent 
lot  to  require  mure  than  a  small  quantity  of  the  total  amount  of 
^hydrate  secreted  by  the  hepatic  cells. 

Glycosuria. — Sugar  may  be  present  rmt  only  in  the  hepatic  veins, 
in  the  systemic  blood  to  excess,  and  when  such  is  the  case,  the  sugar 
acrcted  by  the  kidneys,  and  appears  in  variable  quantities  in  the 
Id.     This  condition  is  known  as  glycosuria. 

Infiuetue  of  the  Nervous  Sj^stem. — Glycoanria  may  be  experimentally 
need  by  puncture  of  the  medulla  oblongata  in  the  region  of  the 
-motor  centre.  The  hotter  fed  the  animal  the  larger  u  the  amonnt 
tgar  found  in  the  urine;  in  the  case  of  a  starving  animal  no  sugar 
It  is,  therefore,  highly  probable  that  the  sugar  comes  from 
lepatic  glycogen,  since  in  the  one  case  glycogen  is  in  excess,  and  in 
Dtber  it  is  almost  absent*  The  nature  of  the  influence  is  uncertain. 
ly  be  exercised  in  dilating  the  hepatic  vessels,  or  possibly  may  be 
ied  on  the  liver  cells  themselves.     The  whole  course  of  the  nervous 
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Btimulua  cannot  be  traced  to  tho  liver,  but,  at  any  rate,  it  i^  not  am* 
ducted  by  the  vugi  or  by  the  aplanchnics,  but  at  first  it  passes  from  tin 
lower  part  of  the  lloor  of  the  fourth  ventricle  and  medulla  down  tin 
gpinal  corii  as  far  as — in  rabbits — the  fourth  dorsal  vertebra,  andbewi 
to  the  first  thoracic  ganglion.  The  formation  of  sugar  by  tbe  liver il 
also  not  a  vaso*dilatar  effect,  eince  it  will  occur  when  the  fessels  «rt 
constricted. 

Many  other  circumstances  will  cause  glycosuria.  It  has  beea  obscrrd' 
after  the  administration  of  various  drugs — c.j/,,  strj^chuine  (in  frogs), 
phloridziii,  a  glueoaide,  and  pkloretin,  a  derivative  of  phloriilxin,  D<»k 
glucoside,  morpbini\  nitrite  of  arnyl,  etc. — after  the  injection  of  cunn. 
poisoning  with  carbonic  oxide  gas,  the  inhalation  of  ether,  chlorofany 
etc.,  the  injection  of  oxygenated  blood  into  the  portal  venous sj 
It  has  been  observed  in  man  after  injuries  to  the  head,  and  in  the 
of  various  diseases. 

In  all  such  cases,  at  any  rate,  the  glycosuria  appears  to  be  due  to 
almornial  activity  of  the  liver  cells  themselves  set  up  by  tho  direct 
of  the  secrct4>ry  nerves  upon  them. 

The  well-known  disease,  dufMns  meUUnjii  in  which  a  large  quantitfi 
sugar  is  persistently  secreted  daily  with  the  urine,  has,  doubtlesB, 
cloee  relHtion  to  the  normal  functions  of  the  pancreas.     The  natnit 
the  relationship  has  not  yet  ht!cn  deterniined,  though  some  recent 
ments  seen*  to  be  pertinent  (see  p,  331). 

Effect  of  (m  much  Food, — All  tho  three  classes  of  foodnitaSi 
tioned — fat^,  carboliydrates,  and  gelatin — have  their  distinct  uses  vl 
combined  with  proteids,     A  small  amount  of  fat  or  a  larger  amount 
carbohydrate  (starch  or  sugar)  added  to  some  proteid  diminishes 
amount  of  jjroteid  required  before  nitrogenouB  equilibrium  is  al 
(in  a  dog  to  the  extent  of  50  per  cent  or  more),  but  if  the  carliob 
exceed  a  certain  minimum  it  ia  retained  in  the  body  as  fat.*     If  tbfl 
teid  be  increiised,  the  metabolism  is  increased  likewise,  aud  so  fat 
not  bo  defiositfd,  even  if  the  carbohydrate  of  tho  diet  be  excessive. 
ifl  even  possible  that  some  of  the  already  stored-np  fat  may  be  ufld 
and  so  loss  of  weight  (fat)  nught  rosult. 

Persifitent  excess  of  carbohydrate  food  produces  an  accvmulal 
fat,  which  may  not  only  be  an  inconvenience  causing  obesity,  but 
interfere  with  the  proper  nutrition  of  muscles,  and  a  feebleness  rfi 
action  of  the  heart,  with  other  troubles,     Starches  when  taken  iQ 

*The  result  of  various  feeding  ei^^erimcnta,  e.g. ,  of  the  uiileli  cow  fed  I 
^asm,  haTt^  [vrovetl  lieytJUii  all  doubt  tliat  fat  is  formed  by  the  tissues  cfaie^fL^ 
fiirbohydrat^  fixxl,  but  to  a  lean  extent  from  proteids*  Fatty  foods,  eTtti  Wfl 
indirectly  lead  to  the  deposition  of  fats,  are  not  as  such  deposited  in  tli^i  f 
Fat  ia  everywhere  in  the  body  an  effect  of  actual  protoplaamic  metabolisxi       i 

fi 
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i  are  alroost  cert&ii)  to  give  rise  to  dyspepBia,  with  acidity  and  flat- 
e.  Excess  of  starch  or  of  aogar  in  the  food  may,  however,  he  got 
I  by  the  urine  in  the  form  of  sugar.  There  ia  evidently  a  limit  to 
bsorption  of  fat  as  well  as  of  starchy  since  if  in  excessive  amount 
may  appear  in  the  fiBcea. 

tiat  salis  are  necessary  m  food  ia  proved  hy  the  presence  of  scurvy 
they  are  not  present,  [lud  wo  know  that  there  is  a  constant  excre- 
>f  chlorides,  phoj^phsitus  and  sulijiiatert  hi  the  urine,  so  that  in  order 
ilance  the  income  iiud  output,  these  salts  in  eomhination  with 
.m,  potassium,  calcium,  etc.,  must  he  taken  in. 
'he  necessity  for  the  taking  in  of  water ^  in  order  to  balance  the  ex 
on,  is  sufficiently  ohvious. 
Co  summarize  what  has  been  said:— 

^ToteiiL — i.  If  the  nitrogen  of  the  income  is  less  than  that  of  the 
mt^  the  animal  h>ses  flesh  and  starves,  gradually  or  quickly,  accord - 
tftthe  extent  of  the  deticieucy. 

L  If  the  nitrogen  of  the  iucome  be  evenly  balanced,  the  proteid 
{only  just  stiftieicut,  the  animal  does  not  lose  flesli,  hut  may  increase 
minish  in  w^eight  (fat). 

i.  If  the  nitrogen  of  the  ingesta  exceed  that  of  the  egesta,  the  ex- 
»  mainly  retained  in  the  form  of  lle&h. 

.  If  the  proteid  be  in  great  excess,  althougli  there  be  a  condition 
trogenons  equilibrium,  there  may  be  increase  in  weight,  but  also  a 
liood  of  gout  and  simihir  affections. 

tiilf  and  Carhohifdraie  Foods  are  of  no  nse  either  together  or  sepa- 
withont  the  addition  of  the  other  food-stulfs.  In  moderation, 
may  diminish  the  anunint  of  proteid  necessai7  to  produce  ni tro- 
ll equilibrium.  If  the  quantity  of  eitlier  be  increased  beyond  a 
n  amount,  it  is  retained  in  the  body  In  form  of  fat  (and,  in  the 
f  the  carbohydrate,  as  glycogen).  If  in  great  excess,  disorders  of 
lion  occur.  Fats  have  more  potential  energy  than  carbohydrates, 
:e  leas  digestible.  Fatty  foods  need  more  oxygen  than  carbohy- 
»when  they  are  used  up  in  the  body, 

flft4in  will  not  entirely,  but  will  partly  replace  the  proteid  in  a  diet. 
lUs  of  sodium,  potassium,  calcium,  etc.,  are  necessary  in  food,  the 
dea,  phosphatea  and  sulpliates,  and  possibly  the  citrates,  being  the 
important  of  those  required. 

hier  is  absolutely  essential  to  life — au  animal  will  not  survive 
ration  for  longer  than  a  few  days. 

fects  of  Deimmti&n  of  Food. — The  animal  body  deprived  of  all  food 
s  coarse  of  a  variable  time  dies  from  starvation.  The  It-ngth  of 
Imt  any  given  animal  w^ll  live  in  such  a  condition  depends  upon 
circumstances;  the  chief  may  be  supposed  to  be  the  nature  and 
\j  of  the  metabolism  of  its  tissues. 
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The  effect  of  »tarvation  on  the  lower  animak,  as  recorded  by  Tirioni 
erqierimenters  is: — (1.)  One  of  the  most  notable  effects  of  stanration, ■ 
might  bo  expected,  is  los8  of  treight ;  the  loss  being  greatest  at  first,  asa 
rule,  but  afterward  not  varying  very  much,  day  by  day,  until  datl 
ensues.  Chossat  found  that  the  ultimate  proportional  loss  was,  indit 
feront  animals  experimented  on,  almost  exactly  the  same;  death  oojid^ 
ring  wlien  the  body  had  lost  two-fifths  (forty  per  cent)  of  its  origiial 
weight.  Different  parts  of  the  body  lose  weight  in  very  different  pn- 
portions.  The  following  most  noteworthy  losses  are  taken,  in  nnai 
numbers,  from  the  table  given  by  Chossat: — 


Fat 
Blood 
Spleen 
PaDcreas 


loses  93  per  cent. 
.     75 
71 
.     64 


Liver 
Muscles 
Nervous  tiasuea 


loses  52  per  oflML 
48      • 
.     2      - 


These  figures  are  in  practical  agreement  with  those  of  later  experi- 
menters.    They  show  that  the  chief  losses  are  sustained  by  the  adip 
tissue,  the  muscles  and  glands. 

(2.)  The  effect  of  starvation  on  the  temperatvre  of  the  various  i 
mals  experimented  on  by  Chossat  was  very  distinct.  For  some  time 
variation  in  the  daily  temperature  was  more  marked  than  its  abaoMi 
and  continuous  diminution,  the  daily  fluctuation  amounting  to  3*  C.  (^ 
G'  F.),  instead  of  5''  to  1^  C.  (1^  or  2**  F.),  as  in  health.  But  a  short 
before  death, the  teniporaturo  fell  very  rapidly,  and  death  ensued  whenth 
loss  had  amounted  to  about  1(5.2''  V,  (30^  F.).  It  has  been  of  ten  salt 
and  with  truth,  aUhon<^h  the  statement  requires  some  qualification,  th 
death  by  starvation  is  really  death  from  want  of  heat;  for  not  only  baa; 
been  found  t  hat  d  ilTerenees  of  time  with  regard  to  the  period  of  the  fatal i^ 
suit  are  attended  by  the  same  ultimate  loss  of  heat,  but  the  eflfeot  of 
aj>plieation  of  external  warmth  to  animals  cold  and  dying  from  starvati( 
is  more  effectual  in  reviving  them  than  the  administration  of  food. 

The  fij/wpfovis  j>roduced  by  starvation  in  the  human  subject  are  hi 
ger,  accompanied,  or  it  may  be  replaced,  by  pain,  referred  to  the 
of  the  stomaeh;  insatiable  thirst;  sleeplessness;  general  weakneaa 
( inaeiation.     The  exhalations  both  from  the  lungs  and  skin  are  f( 
iiidicatini;  the  tendeney  to  decomposition  which  belongs  to  badly  n( 
ished  t  issues;  and  death  oceurs,  sometimes  after  the  additional  exbai 
causeil   by  diarrha^i,  often  with  symptoms  of  nervous  disorder,  delirii 
nr  eonvulsions. 

Ill  the  human  subject  death  commonly  occurs  within  six  to  ten 
after  total  dej^rivation  of  food.     But   this  period  may  be  considei 
proloiiixod  by  taking  a  very  suuill  quantity  of  food,  or  even  water 
The  o:uiies  so  fre(|nenlly  related  of  survival  after  many  days,  or  even 
wivks,  of  abstinence,  have  Ikvu  due  either  to  the  last-mentioned  ci 
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or  to  others  no  less  effectual,  which  prevented  the  loss  of  heat 
tooisture,  C'usc3  in  which  life  has  continued  after  total  abstinence 
I  food  and  drink  fur  many  weeks,  or  months,  exist  only  in  the  imag- 
ion  of  the  vulgar. 

(3.)  Daring  the  starvation  period  the  excreta  diniinish.  The  urea, 
©presenting  the  nitrogen,  falls  quickly  in  amount,  reaches  a  mini- 
A  and  remains  constant  at  this  point  for  several  days,  and  then  rises 
in  and  finally  falls  rapidly  immediately  before  death;  the  sulphates 
phosphates  undergo  much  the  same  form  of  reduction.  The  carbon 
tide  given  out  and  the  oxygen  taken  in  dimiuish.  The  faeces  dimiu- 
^BA  well  as  the  bile.  It  has  been  concluded  as  highly  probable  that 
greater  part  of  the  urea  represents  the  loss  of  weight  of  the  muscles. 
The  jippearancefl  presented  after  death  from  starvation  ai"e  tliose  of 
leral  wiLsihig  and  bloodlessness,  the  latter  condition  being  least  uotice- 
ein  the  brain.  The  stomach  and  intestines  are  empty  and  contracted, 
I  the  wtdls  of  the  latter  appear  remarkably  tliinned  and  almost  trans- 
ient The  various  secretions  are  scanty  or  absent,  w^ith  the  exception 
Ue  bile,  which,  not  Ijcing  discharged,  usually  Oils  the  gall-bladder. 
parts  of  the  body  readily  decompose,         ^ 

h  starvation,  then,  we  see  that  the  only  income  consists  of  the  in- 
ed  oxygen.  The  whole  of  the  energy  of  the  body  given  out  in  the 
Jtion  of  lit  at  and  mechanical  hibor  is  obtained  at  the  exj^ense  of  tiie 
g  up  of  its  ow^n  tissues,  there  being  as  a  result  a  constant  drain  of 
nitrogen  and  carbon,  not  tn  mention  tin^  otber  elements  of  wbieh 
are  tnadc  iiji.  It  i«  obvions  tbat  j^iich  a  condition  cannot  be  en- 
for  r.nv  Irn-^b  *4  time. 


Requisites  of  a  Normal  Diet. 

ill  have  been  understood  that  it  is  neceasary  that  a  normal  diet 
Id  be  be  made  up  of  various  articles,  tbat  they  should  l>e  w^ell  cooked, 
that  they  should  contaiu  about  the  same  amount  of  carbon  and  ni- 
m  as  are  got  rid  of  by  the  excreta.  Ko  doubt  these  desiderata  nniy 
^tisfied  in  many  ways,  and  it  would  lie  unreasonable  to  cvpect  the 
ol  every  adult  to  be  unvarying.  The  age,  sex,  strength,  and  cir- 
itances  of  each  individual  must  ultimately  determine  what  he  takes 
od.  A  dinner  of  bread  and  cheese  with  an  onion  contains  all  the 
idite-s  for  a  meal,  but  such  diet  would  be  suitable  only  for  those  pos- 
Hg  strong  digestive  powers.  It  is  a  well-known  fact  that  the  diet 
le  continental  nations  ditfcrs  from  that  of  our  own  country,  and 
of  cold  from  that  of  hot  climates,  but  the  same  principle  underlies 
i  all,  viz.»  the  replacement  of  the  loss  of  the  excreta  in  the  most 
fmeut  and  economical  way  possible.     Without  going  into  detail  iu 
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the  matter  here,  it  may  be  said  that  any  one  in  active  work  reqairesm 
food  than  one  at  ro8t,  and  tlmt  children  and  women  require  lees  food 
than  do  adult  men. 

Of  tlie  various  diet-scales  which  have  been  drawn  out  with  the  object 
of  supplying  the  proximate  principles  in  the  required  proportioM,  tin 
foregoing  is  sliglitly  modified  from  Moleschott: — 

Dry  Food —  n.  c. 

Proteid        .     120  grms.  (4.232  oz.)  supplying  18.88  grms.  64.18  gnna. 

Fat      .         .       90     "  (8.174  oz.)         "  70.20     •- 

Carbohydrate  820    «  (11.64  oz.)        **  146.82     *• 


Viz: 


N.  18.88       C.  281.2 
Salts     .        .30    "^         (nearly  1  oz.) 
Water  .    .     2800    " 

Two  other   diet-scales  may  be  mentioned,  which   are  often  qnoMi 

Ranke's  Diet-Scale. 

Proteid 100  grms. 

Fate 100     - 

Carbohydrates 250     - 

Salts 25     " 

Water 


Pkttenkofer  &  Vorr*s  Diet-Scale  is  as  follows  :— 

Proteida 118  to  137  gnna. 

Fats 50  to  117     " 

Carbohydrates 352  to  500     ** 

Salts 

Water 2016  grms. 

The  amount  of  tho  excreted  carbon  and  nitrogen  is  not,  of  coun% 
always  the  same, it  liaving  been  unfortunately  proved  possible,  for  example 
to  subsist  on  9  or  10  grins,  of  nitrogen  and  200  grms.  of  carbon  pel 
diem  (the  ordinary  diet  for  needle-women  in  London,  and  the  average 
the  cotton  operatives  in  Lanciisliire  during  tlie  famine,  1862),  t 
amount  of  these  elements  excreted  falling  to  figures  corresponding l| 
such  an  income.  Of  course,  upon  such  a  diet  the  metabolism  islol 
and  persistent  weakness  must  be  the  result. 

The  9  or  10  grins,  of  N  in  such  a  semi-starvation  diet  would 
equivalent  to  58.5  to  65  grms.  of  proteids,  whereas  the  amount  of  J 
teids  in  some  diets  may  be  as  high  as  150-159  grms.  per  diem  (Englii 
navvies),  or  105  gnis.  (Munich  brewers'  men).  The  English  vA 
Bavarian  soldier  in  time  of  peace  consumes  120  grms.  of  proteid 
diem  (4.4  oz.). 

Not  only  the  proteids  but  also  the  fats  may  vary;  the  amount  may 
as  low  as  50  grms.  and  as  high  as  117  grms.     The  carbohydrates 
vary  from  200   grms.  to  500  grms.   and   upward.      Sometimes,  with  i 
small    proportion    of    fat,    the   carbohydrate    may  be    corresi)oudii 
increased  to  make  up  the  necessary  carbon.     A  useful  table  after  Pi] 
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Ip  to  show  in  what  ways  it  ia  poaaible  to  obtain  the  requiaite 
;  of  uitrogen  and  carbon  from  the  moat  common  food- stuff b. 
100  parts  of  the  following  aubatancea  the  proportiou  of  K  and  0 
^ated: 


N. 

c. 

N. 

c. 

ithout  bone 

3 

11 

Oatmeal 

.     1,95 

44 

bef  . 

.     3.528 

17.76 

Braail 

1 

38 

■        ■        > 

t« 

13.5 

Potatoes 

.       .88 

11 

tfilk 

.       .66 

H 

Eek  . 

2 

30 

«                  m 

3to7 

35  to  71 

Mackerel 

.     3.74 

10/26 

*                 • 

.     45 

42 

SardioeB  in  oil 

6 

29 

•                 «                  • 

4.1 

48 

Butter   . 

.       .64 

83 

der  to  obtain  the  amount 

a,  multiply  by  6.5. 


of   proteid  present  from  the  proportion  of 


m  these  data  it  is  possible  to  form  varions  diet-scales  which  ahali 
the  needs  of  different  conditions.     Assnming  that   the  average 
t  of  carbon  and  nitrogen  required  is  about  300  grma.  and  20  grms. 
ively,  this  may  be  obtained  as  follows:— 


\  fl^'  ^^^^r^^'P^^^  j  lean  unc*3oked  meat*  lOgrms. 
(^  02.  or  2  lbs.  dToirdui>ois)  bread     .        .     9    ^ 


37  gmi8, 
252      " 


19  grms,       289  grms. 

i  this  diet  is  not  a  usual  one;  a  certain  proportion  of  the  carbon 
lly  supplied  m  butter,  or  bacon,  and  so  if  90  grms*  (3.1  oz.)  of 
or  bacon  be  used  they  would  supply  about  72  grms.  of  carbon,  and 
bohydrate  would  be  diminished  nearly  one- third;  but  the  nitro- 
>ald  also  be  diminished  from  9  grms.  to  0  grms.  It  would  l>e 
ry  to  supply  some  extra  nitrogenous  principle,  and  this  might 
a  by  the  addition  of  eggs,  milk,  cheese,  beans,  or  of  any  of  tlie 
iffE  already  enumerated  at  p.  XVJ  ei  seq.^  as  supplying  nitrogenous 
liefly.  For  example,  50  grms.  (2  oz.)  cheese,  would  suj>ply,  on 
rage,  3  grms.  nitrogen  and  20  grms.  earbon;  or  28  grm«.  cheese, 
Xkg  1.5  grms.  nitrogen  and  about  10  grms,  carbon,  and  225 
[i  lb.)  potatoes,  and  225  grma.  (i  lb.)  carrots,  supplying  together 
grm.  of  nitrogen  and  35  grms.  of  carbon*  The  diet  would  then 
fallows: — 


grms. 


I 


lean  uncooked  meat 

Bread 

Butter      . 

Cheese  .        • 

Potatoes   I 

Carrots     t       *        * 


N. 

10  grmfi. 

6      " 

.5  ^ 

1.5  " 


85 


N   19 


a  tad 


meat  losea  23  to  34   per  g^Qf  ^n  cooking,  the  weight  of   cooked  meat 


proportionately  be  lesF, 


m  proportion 

L 
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The  salts,  over  30  grms.,  would  be  supplied  by  ibe  mesk  16 1 
the  bread  12  grms.,  and  vegetables  aboat  4  gms.    The  flaids  dioiH  j 
oonsist  of  about  2,500-2,800  grms.,  and  might  be  given  as  water,  i 
or  without  tea,  coffee,,  or  ooooa  (which  are  chiefly  stimalants). 


Variations  in  Diet  Tables. 

Ibr  infancy.— TAilk  affords  a  natural  and  perfect  diet  for 
The  amount  which  an  infant  during  the  first  month  should  take  ii  aitj 
less  than  1  kilogramme  {2\  lbs.)  per  diem.     In  1,000  grms.  tbers  i 
be  about  6.6  grms.  nitn^n  and  80  to  90  of  carbon.    This  allows  i 
gain  of  weight  of  2  to  5  oz.  in  the  time. 

Ibr  climate. — Very  slight  alteration  is  necessary.    For  y 
slightly  increase  the  carbohydrates. 

For  hard  labor. — ^All  the  articles  of  diet  should  be  increased  to  i 
up  for  the  increased  metabolism. 

Fattening  diei. — In  such  a  diet  au  excess  of  carbohydrates  shosldl 
present. 

7b  reduce  obesity. — ^The  fats  and  carbohydrates  should  be  din 
but  the  proteids  should  be  relatively  increased. 

To  increase  muscle. — It  has  been  found  that  a  diet  consisting  1 
of  proteids  in  considerable  amount  combined  with  such  passive  < 
as  that  obtained  by  massage,  will  cause  the  body  to  put  on  flesh. 

For  training, — Tlio  whole  diet  should  be  increased,  possibly  pr 
by  a  diet  in  which  the  proteid  is  in  excess. 

For  brain  work. — The  chief  essential  is  that  the'diet  should  conustc 
easily  digestible  materials. 


Income  and  Output  of  Energy. 

The  food  must  be  considered  from  another  point  of  view  in  additiosl 
to  that  from  which  we  have  been  considering  it.     It  not  only  mafaij 
up  for  the  substances  eliminated  from   the  body,  but  it  also  sop 
potential  energy  to  balance  the  energy  set  free  in  the  living  bedji 
heat  and  movement.     The  amount  of  heat  is  measured  in  tsmi  ( 
calories,  as  has  been  already  pointed  out.     The  work  done  may  be  < 
pressed  in  terms  of  foot-pounds  (English  system),  or  metre-grsmfl 
or  metre-kilogrammes  (metric  system).     The  calories  may  also  be  ( 
pressed  in  terms  of  work,  i\&  heat  is  also,  as  has  been  said,  a  mode  oft 
tion.     The  heat-unit  Ca,  may  be  transformed  into  metric  work-unit 
multiplying  by  49  and  dividing  by  1000,  and  the  converse. 
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Man  if  eolations  of  Force  in  the  form  Hiker  of  Heat  or  Motion. — In  the 
ormer  case  (Iloat),  tbo  combustion  muBt  be  sufficient  to  maintain  a  tcm- 
iratnre  of  about  37.8"  C,  (100''  F.)  throughout  the  whole  substance  of 
lebody,  in  all  varieties  of  external  temperature,  notwithstandiiig  the 
fcrge  amount  continually  lost  in  the  ways  previously  eniimeriited.  In 
le  case  of  Motion,  there  is  the  expenditure  involved  in  the  {a)  Ordi- 
*ry  muscular  movement's,  as  in  Prehension ^  Mastiiation,  Locomotion, 
nd numberless  other  ways:  as  well  as  in  (6)  Varioua  involuntary  move- 
ints,  as  in  liespi ration,  Circulation »  Digestion,  etc. 
Manifestation  of  Kerve-force;  as  in  the  general  regulation  of  all 
lysiological  proeesses,  e.g,^  Respiration,  Circulation,  Digestion;  and 
Volition  and  all  other  manifestations  of  cerebral  activity. 
The  enertjy  expended  in  all  jdu^siohgical  procesHe.'i^  e^g^y^uinimn^ 
ficretion,  (Jrowth,  and  the  like* 

The  total  expenditure  or  total  manifestation  of  energy  by  an  animal 
bdjr  can  be  measured,  with  fair  accuracy.  All  statements,  however, 
iOst  lie  considered  for  the  present  approximate  only,  and  especially  is 
lis  the  cas4=^  with  respect  to  the  comparative  share  of  expenditure  to 
I  uasigned  to  the  various  objects  just  enumerated. 
Tlie  amount  of  energy  daily  manifefited  by  the  adult  human  body 
(a)  the  maintenance  of  its  temperature;  {h)  in  internal  meehani- 
J  work,  as  in  the  movements  of  the  respiratory  muscles,  the  heart, 
and  (r)  in  external  mechanical  work,  as  in  locomotion,  and  all 
her  voluntary  movements,  is  made  up,  according  to  McKendriek,  as 
lowi: — 


kiloKraiuuies. 

14.000 
213,344 


Work  of  heart  per  diem 
Work  of  respiratory  muscle  . 
Eight  houra*  active  work 

315,334  or  743.000 

Amount  of  heat  produced  in  24  hours    1,582,700  or       3. 724,000 

1.8fla,034  or       4,467,000 


[So  that  4.  467  kilogramme  calories  represent  the  total  energy  manifested  in 
8  of  which  were  employed   ia  mechanical   work,  one-sixth   of  the 
t  €liefgy  being  work.     TEub  eattmatirm  coiiBiderahly  exceeds  thoee  of  others, 
I  title  most  general  view  in  that  the  total  energy    exhibited  in  24  hours  by 
I  athilt  is  rather  under  Uiau  over  1,  000, 000  ki  log.  metrea. 
ting  the  diet-scale  as  given   above  (moditied   from  MolesehoU) ,  we    may 
this  suppliea  tlie  energy  which  is  given  out.  remeinL»ering   that  1  grm. 
•14  =  5,n^M>  to  5,500  wihiries;  minus  the  value  of  i  grm.  urea  =  700  or  800 
Jew,  =  «ay  4,500;  1  grm.  fat  =  9,0(K)  color iee  ;  and  1  g;riu.  cartpohydrate  » 
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130  j^rms,  Proteid  at  4,500  per  gnn. 

90     **        Flit  at  1*JMKJ  i»er  ^m. 
880     "        CarlKih>(lrat4'  at  mm  jxjr  grm. 


I>44,5CK) 
81(1.  IKJO 

i,ai5a.uou 


2,094,500 

Or  roughly,  2,604  kilog.  calories,  equivalent  to  1, 144,950  metre- kilogrammei 

of  energy.  TIu'h  slinvv«.  althtiu«j:lj  the  culeulatioa  is  only  rough,  that  the  diel 
which  from  other  rt'juicins  wan  t'ontjidered  to  be  correct  contains  the  potential 
energy  U*  set  free  one  million  metre- kilogrammea  of  kinetic  energy*  a&d  Bt 
le&%*^e  a  fair  margin  for  errors  of  calculation. 

To  the  foregoing  amounts  of  expenditure  mtist  be  added  the  qtiiti 
unknown  qnitntity  expended  in  the  various  manifestations  of  n«'  " 
and  in  the  work  of  mitrition  and  growth  (uaiug  these  term- 
widest  sense).  By  comparing  tlie  amount  of  energy  which  should  be 
produced  in  tlie  h«jdy  from  so  muidi  fuotl  of  a  given  kind,  with  tlul 
which  is  actual ly  manifested  (as  shown  by  the  various  prodnets  of  cum- 
bustion,  in  the  excretions),  attempts  have  been  made,  indeed,  to esttisa^ 
by  a  process  of  exehision,  these  unknown  quantities;  but  all  siioh  i'ftl<^' 
hit  ions  must  Iw  at  present  considered  only  very  doul>tfully  approiimttie. 

Sources  of  Error. — Among  the  sources  of  error  in  any  such  calcali* 
tiona  as  tlie  one  above  given  must  l>e  reckoned,  as  a  chief  one,  tH 
at  present,  entire!}'  unknown  extent  to  which  forces  external  to  thebodj 
(mainly  heat)  can  be  utilized  by  the  tissues.  Wo  are  too  apt  to  think 
that  the  heat  and  light  of  the  sun  are  directly  correlated,  as  far  as  lirinj 
beings  are  eoncerned,  with  the  chemico-vital  transformations  inroM 
in  the  nutrition  and  growth  of  the  members  of  the  vegetable  world  (inif- 
But  animals,  although  comparatively  indejiendent  of  external  heat  lUii 
otlier  forces,  proliably  utilize  them,  to  the  ilcgree  occasion  offers,  Alii 
although  tho  correlative  manifestation  of  energy  in  the  body,  due  to«^; 
ternal  heat  and  light,  may  still  Ijc  measured  in  so  far  as  it  majtata 
the  form  of  mechanical  work;  yet,  in  so  far  as  it  takes  the  fortii  of  ei* 
penditure  in  luiirition  or  nerve-force,  it  is  evidently  impossible  to incloi 
it  by  any  metliod  of  estimation  yet  discovered;  and  all  accounts  of 
must  be  matters  of  the  purest  theory.  These  considerations  may  belp 
to  explain  the  apparent  discrepancy  between  the  amount  of  energy  wbiA 
is  capable  of  being  produced  by  the  usual  daily  amount  of  food,  wii 
that  which  is  actually  manifested  daily  by  the  body;  the  former  leari 
but  a  small  margin  for  anything  beyond  the  maintenance  of  heat,  uij 
niechaiiieul  work* 

It  is  of  much  interest  to  consider  the  way  in  which  protoplflBm 
in  converting  food  into  energy  plus  decomposition  products.     It 
that  the  substance  itself  does  not  undergo  much  change  in  the  pi 
except  a  slight  amount  of  wear  and  tear.     \\t^  may  assume  that  it 
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)erty  of  protoplftam  to  separate  from  the  blood  the  materials  which 
lay  require  to  produce  secretiojiFj  in  the  case  of  the  jirotuplasm  of 
eting  glands,  or  to  enable  it  to  evolve  heat  and  energy  aa  iu  the 

of  the  protoplaBm  of  muscle.  The  properties  of  the  protoplasm  are 
r  possibly  d lifer eiitly  developed  in  each  case,  and  the  decomposition 
lucts,  too,  may  be  different  in  quality  or  quantity.  Proteid  materials 
>ar  to  be  specially  needed,  as  is  ahowu  by  the  inyariable  presence  of 
►  in  the  urine  even  during  starvation;  und  as  in  the  latter  case  there 
been  no  food  from  which  these  materials  could  have  Ixjen  derived, 
urea  is  confiidercd  to  be  derived  from  the  disintegration  of  the  nitro* 
)U8  tissues  themselves,  Whiehj  if  not  all,  of  the  three  varieties  of 
eid  of  the  blood,  viz.,  serum-aJbumin,  serum-globulin,  and  fibrino- 
,  is  necessiiry  for  muscular  metabolism  is  not  certainly  known j 
lion  appears  to  incline  toward  the  iirst  as  the  most  important.  The 
ovaJ  of  all  fat  from  the  body  iu  a  starvation  period,  as  the  first  appar- 

change,  would  lead  to  the  Bupposition  that  fat  is  also  a  specially 
laiary  pabulum  for  tlie  production  of  protoplasmic  energy;  and  the 

that,  as  mentioned  above,  with  a  diet  of  lean  meat  an  enormous 
imt  appears  to  be  refiuircd,  suggests  that  in  that  case  protoplasm 
lins  tiie  fat  it  needs  from  the  proteid  food,  which  process  must  be 
ently  a  source  of  much  Wiiste  of  nitrogen.  The  fat  which  is 
jgited  in  the  tissues  hiw  for  its  origin,  as  wo  have  before  remarked, 
reat  part  carbohy pirate  food,  ami  is  looked  upon  as  a  store  of  carbo- 
K)us  material;  it  h^is  been  suggested  that  as  it  leaves  the  tissue  to  be 
,  up,  it  is  reconverted  into  a  carbohydrate,  viz.,  dextrose.  Salts 
sar  to  be  absolutely  essential  for  protoplasmic  life.  The  idea  that 
eid  food  has  tw^o  destinations  in  the  economy,  viz.,  to  form  organ  or 
10  proteid  which  builds  up  organs  and  tissues,  and  circulating  pro- 
f  from  which  the  organs  and  tis80cs  derive  the  materials  of  their 
stions  or  for  producing  their  energy,  is  a  convenient  one,  but  cannot 
lid  to  rest  upon  any  very  certain  facts.  Except  in  the  possible  case 
le  appearance  of  leuciu  and  tyrosin  in  pancreatic  digestion,  already 
r  discuBsed,  it  must  not  be  looked  upon  as  more  than  a  convenient 
ithcsis. 

)De  question  which  has  been  little  considered  by  physiologists,  ia 
t  relationship,  if  any,  there  is  between  each  tissue  and  the  waste  pro- 
i  of  other  tissues,  or  perhaps  it  should  be  said,  the  products  of  the 
,bolism  of  other  tissues.  It  is  not  known  whether,  m  the  result  of 
kataboHsm  of  one  tissue,  products,  proteid  or  otherwise,  are  not 
a  up  by  the  blood  and  carried  to  other  tissues,  supplying  exactly 
is  necessary  for  their  complete  anabol ism;  whether,  for  example, 
»teid  residue  does  not  arise  from  the  metabolism  of  muscle  which 
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may  be  need  farther  by  glandi.  One  etepi  at  all  efenti,  in  tUidirMUdi 
Las  been  taken;  it  hat  been  inggeited  that  the  aaroo-lactic  add  0Qnt» 
nally  produced  by  maade  ia  earned  to  the  liver,  either  to  be  oonwtal 
IteeU  into  gljoogen,  or  bj  ita  inflaenoe  on  the  hepatio  oeUa  toouietiMi 
to  store  np  that  anbatanoe. 


One  of  the  most  importiiut  results  of  the  metabolism  of  the  tisfiues  is 

16  production  of  the  heat  of  the  body.     It  is  by  thia  means  that  the 

IHiily  temperature   ia  raised   to  such  u  point  ha  to  make  life  possible, 

man  and  in  such  animals  as  are  called  warm-blooded,  including  only 

iDiinals  and  birds,  it  is  found  on  the  one  hamJ,  that  there  is  an  aver- 

f~  J  temperature  whieh  is  maintained  with  only  ^lif^ht  variations  in  spit© 
cbauges  in  their  environnieiit,  and  on  the  otlier  hand,  that  the  pos- 
We  variations  above  aud  below  this  average  are  eomparatlvely  elight, 
mn&l  not  be  tliought,  however,  that  the  average  tLvmperature  in  all 
mmals  and  birds  is  the  same;  lor  example,  as  we  shall  see^  tliL*  average 
bporattire  of  man  is  jujst  37^'  C  (U8J>''  F.),  in  some  birds  it  is  as  high 
44"^^  C,    (111'' F,),  whereas  in  the  wolf  it  is  said  to  be  under  *M°  0 

The  average  temperature  of  t lie  human  body  in  those  internal  parte 

flch  arc  most  easily  accessible,  im  the  mouth  and  rectum,  is  from  3f>.n° 

r.4'  C.  (i)H.5''  to  yy.5°  F.).     In  different  parts  of  the  external  surface 

the  human  body  the  temperature  varies  only  to  the  extent  of  one  or 

>  degrees  (C.),  when  all  arc  alike  protecteti  from  cooling  influences; 

I  the  dilTereMcc  which  under  these  circumstances  exists,  dejiends  chiefly 

pn   the  different  decrees  of  blood-supply.     In  the  axilla — the  most 

ftTenient  situation,  under  ordinary  circumstances,  for  examination  by 

•  thermometer — ^thc  average  temperature  is^^.U^C,  (118.5 "^  F.).     In 

lerent  internal  parts,  the  variation  is  one  or  two  degrees;  those  parts 

I  organs  being  warmest  which  contain  nrost  blood,  and  in  which  there 

org  the  greatest  amount  of  chemical  change,  <?.//.,  tlie  muscles  and 

k  glands;  and  the  temperature  isliigliest,  when  they  are  in  a  coudi- 

i  of  activity:  while  those  tissues  whicli,  subserving  only  a  nieclianical 

ction,  are  the  seat  of  least  active  circulation  and  chemical  ehi\nge, 

the  coolest-     These  diifereuees  of  tenijH'rature,  however,  are  actually 

ifilight,  on  account  of   the  provisions  which  exist  fur  maintaining 

forniity  of  temperature  in  different  parts. 

^mtmstancf^  catising  Variatttms  in  Tt^mpcrature—The  chief  circutuBtanceB 
irhich  the  temperature  of  ahmlLbj  U^ilj  is  iiiHuenecd  are  the  following:— 
^ge,—The  average  temperature  of  the  new-born  child  is  only  abc*ut  half  a 
ffe  C.    (T  F,)  above   that  of   the  adult;  and  thu   dillereuce    beiomes    etilJ 
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more  trifling  during  infancy  and  early  childhood.  The  tempenuure  fiJ 
the  extent  of  aJH>ut  .2  C  (.5"  F. )  from  early  infancy  to  puberty,  ant 
itlMutt  the  same  anioiint  from  puberty  to  fifty  or  sixty  years  of  age.  Inol 
tiie  tem{ierattire  ^gaiu  rinen,  and  approaches  that  of  infancy, 

.St'-r.— The  average  temperature  of  the  female  is  slightly  higher  than  ti 
the  male. 

Pericxl  of  the  Day, — The  temperature  undergoes  a  gradual  alti^ratioii* 
extent  of  about  .54°-.  8'^  C.  (1'  to  1.5"  F.)  In  the  course  of  the  day  and  i 
the  minifnum  being  at  night  or  in  the  early  morning,  the  majtimum  late 
aftemo«:»n. 

Exercvte, — Actire  exercise  raises  the  temperature  of  tlie  body  from  .51* 
C.   (r*  to2**  F,). 

Climate  and  Settiton, — Tht<  temperature  of  tiie  human  body  is  pmcticd 
same  in  temperate  n»  in  tropical  climates.  In  summer  the  temperature 
body  18  a  little  higher  than  in  winter ;  the  difference  amounting  to  a 
fifth  of  a  <iegrcM»  C. 

FtMMl  ami  DHjik. — Tlie  effect  of  a  meal  ufmn  the  temperattire  of  a  body 
smalL  A  very  slight  ri^e  usually  occurs.  Cold  alcoholic  drinks  d 
depress  the  temix^rature  about  half  a  degree  C  Warm  alcoholic  drill 
well  as  warm  tea  and  cotTei',  raise  the  teiiijH?rature  about  a  third  of  a  d(| 

Disease.  ^In  diseitac  the  t^m(MTivtun*  of  the  btxly  deviates  from  the  i 
standard  to  a  greater  exK-nt  than  would  be  anticipated  from  tlie  slight 
of  external  conditions  during  health.  Thuft,  in  Home  disease^  as  pneu 
and  typhiiH,  it  occasionally  rises  as  high  as  41-41.0^  C.  (106*  or  lOT  F 
considerably  higher  temperatures  have  l>een  noted.  In  Asiatic  choleni,  i 
other  hand,  a  thermometer  placed  in  the  mouth  may  sometimes  rise  0 
25^-26.2^  a   (77^  or  W  F.). 

The  temperature  maintained  by  Mammalia  in  an  active  state  of  life,  a 
ing  to  the  tables  of  Titnlemann  and  Rudolphi,  averages  88.8*  (X  (101 
The  e-xtn-mes  recorded  by  them  were  M.&'  C,  {M  F.)  andir  C,  (W  F 
former  in  the  nan^'hal,  the  lattiT  in  a  bat  (Vespertilio  pipistrellaK  Inl 
the  average  is  a8  high  as  41.2''  C  (107'  F.)  ;  the  highest  temperattire,  4i 
(111.25"  F.)  being  in  tlie  small  fi|)eciea,  tJie  linnets,  etc.  Among  Reptites, 
the  medium  tliey  were  in  wa»  2;i,0  t*.  (75'  F.J  their  average  temperat«r 
3L2'  C.  (H2,r>  F,  )*  Ah  a  general  rule,  their  temiierature,  though  it  falb 
that  of  the  surrounding  medium,  is,  in  tem|x»ratt*  media,  two  or  more  di 
higher;  and  though  it  rises  also  with  that  of  the  medium^  yet  at  very 
degrees  it  ce^isi^s  to  do  so,  and  remains  even  lower  than  that  of  the  raw 
Fish  and  invertebrata  present,  as  a  general  rule,  the  same  temperature  J 
medium  in  which  they  live,  whether  that  1h*  high  or  low  ;  only  among  fill 
tunny  tribe,  with  strong  hearts  and  rtHl  meat- like  muscles,  and  more 
than  the  average  of  fish  have,  are  generally  3. 8^  C.  (7*  F. )  warmer  tfal 
water  around  them. 

The  ditTerence,  therefore,  between  what  are  commonly  called  the  wan 
tiie  cold  l>loode«l  animals,  or  homoivthermal  i**ftnior,  like,  f^fpfitf,  heat)  and  p 
thermal  (7ro/Ki?j>r,  changeful,  fi^ft/ifi,  heat),  is  not  one  of  absolutely  higher  or 
temperature;  for  the  animals  which  to  us  in  a  temperate  climate  feel  col 
ing  like  the  air  or  w*ater,  colder  than  the  surface  of  our  bodies),  would 
external  temperature  of  37.8'  C.  (100"  F. )  have  nearly  the  same  tempi 
and  feel  hot  to  us.  The  real  difference  is  that  warm  blooded  animab  I 
certain  permanent  heat  in  all  atmtispheres,  while  the  temperature  ol 
blooded  animals  is  variable  with  every  atmosphere* 
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The  Production  of  the   Body  Heat. 

The  heat  which  is  produced  in  the  body  arises  from  the  inetaholio 
tges  of  the  tissues,  the  chief  part  of  which  are  of  the  nature  of  oxida- 
,  since  it  may  he  supposed  that  the  oxygen  of  the  atmosphere  taken 
the  system  u  nUhnafehf  combined  with  carbon  and  hydrogen,  and 
harged  from  the  hoAy  as  carbonic  acid  and  water.  Any  changes, 
!eed,  which  occur  in  the  protoplasm  of  tlie  tissues,  resulting  in  an 
ibitiou  of  tlieir  function,  are  attended  by  tlie  evolution  of  heat  and 
formation  of  carbonic  acid  and  water.  The  more  active  the 
ges  tlie  greattT  is  the  heat  produced  and  the  greater  is  the  amount 
le  carbonic  iK'td  and  water  formed.  But  in  order  that  tixe  proto- 
Bm  may  perform  its  function,  the  waste  of  its  own  tissue  (destructive 
labolism),  must  be  repaired  by  the  due  supply  of  food  material  to  l>e 
]t  np  in  some  way  into  the  protoplasmic  molecule.  For  the 
duction  of  heat,  thereforej  food  is  necessary.  In  the  tissuea, 
we  have  sevend  times  remarked,  two  processes  are  continuallj 
ng  on:  the  building  up  of  the  protoplasm  from  the  food  (constructive 
Ubolism)  which  is  not  accompanied  by  the  evolution  of  heat,  possibly 
I  by  its  stormg,  and  the  oxidation  of  the  protoplastic  materials 
Iting  in  the  production  of  energy,  by  which  heat  is  set  free  and 
jonic  acid  and  water  are  evolved. 

It  is  not  necessary  to  assume  that  the  combustion  processes,  indeed, 
as  simple  as  the  bare  statement  of  the  fact  might  seem  to  indicate; 
,we  have  indicated,  in  treating  of  muscular  metabolism,  the  process 
BUS  to  consist  first  of  all  of  building  up  of  the  oxygen  into  the 
scale.  But  complicated  as  tlie  various  stages  may  Ijc,  the  ultimate 
It  is  as  simple  as  in  ordinary  combustion  outside  the  body,  and  the 
ducts  are  the  same. 

This  theory  that  the  maintenance  of  the  temperature  of  the  living 
jr  depends  on  continual  chemical  change,  chiefly  by  oxidation  of 
bustible  materials  in  the  tissues,  has  long  been  established  by  the 
lonstration  that  the  quantity  of  carbon  and  hydrogen  as  supplifd  as 
%  which,  in  a  given  time,  unites  in  the  body  with  oxygen,  is  sufficient 
count  for  the  amount  of  heat  generated  in  the  animal  within  the 
period:  an  amount  capable  of  maintaining  the  temperature  of  the 
at  from  36.8*^-38.7^0.  (98*'-100°  R),  notwithstanding  a  large 
bjr  radiation  and  evaporation.  This  estimation  depends  upon  the 
\ical  uciom  that  when  a  body  undergoes  a  chemical  change  the 
int  of  energy  set  free  is  the  same,  supposing  the  resulting  products 
be  eame,  whether  the  change  takes  place  suddenly  or  gradually.  If 
rtain  number  of  grammes  of  different  substances  are  introduced  as 
and  if  thej  undergo  complete  oxidation,  the  amount  of  kinetic 
30 
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energy  ais  shown  in  the  amount  of  heat»  and  mechanical  work|is4 
aaine  if  the  same  bodies  are  completely  oxidized  outside  the  boi; 
BO  that  if  1  gramme  of  fat  be  taken  into  the  body  and  is  ooniplet* 
oxidized,  resultiog  iti  the  production  of  a  definite  amonnt  of  (su^ 
dioxide  and  water,  it  may  be  supposed  to  ba?e  produced  the  Ml 
amount  of  hent  as  it  would  have  produced  outside  the  body.  la  1 
case  of  proteid  food  it  is  a  little  different,  since  it  is  neyer  compM 
oxidized  within  the  body,  but  may  be  eupposed  to  give  rise  to  a  dcfiii 
amount  of  urea,  not  a  completely  oxidized  body.  In  this  case  1 
gramme  of  proteid  may  be  considered  to  perform  the  same  amcHUil 
heat  as  the  proteid  would  outside  the  body  minus  the  amount wli 
would  be  obtained  from  the  complete  oxidation  of  the  resulting  urea. 

The  actual  amount  of  heat  produced  per  diem  has  been  experiznetiti 
ascertained  in  the  ease  of  small  animals  by  the  aid  of  an  appsta 
called  a  Calorimeter.  The  animal  ia  inclosed  in  a  metal  box  oa 
pletely  contained  in  a  second  box  containing  water,  and  air  isledii 
and  out  of  the  inner  box  by  means  of  metal  tubes;  the  one  through  wli 
the  air  is  led  out  of  the  chamter  has  several  coils  in  it.  The  heatgit 
out  by  the  auimal  warms  the  water  in  the  outaide  box,  and  maj 
estimated  by  the  rise  of  its  temperature,  the  amount  of  which  is  knoi 

The  amount  of  heat  produced  and  of  energy  in  the  form  of  mechani 
work  set  free  in  a  given  time  arise  from  the  oxidation  of  the  sufastan 
taken  in  as  food  in  so  far  as  they  are  oxidized.  In  order  that  thewfl 
be  correct  data  to  assist  in  the  consideration  of  the  subject,  the 
of  heat  evolved  by  the  oxidation  of  various  food-stuffs  has  been 
measured.  The  results  may  be  set  down  in  terms  of  gramint-mh^ 
(Ca),  a  calorie  being  the  heat  unit,  and  meaning  the  amount  of  hi 
required  to  raise  1  gramme  of  water  1  degree  C,  or,  more  strictij,  & 
15*^'  C*  to  16''  C*  The  number  of  gramme-calories  which  1  gran 
of  the  following  substances  equals  will  be  seen  in  the  annexed  table. 

Hydrogen    ,     3450        Fat        .         .     BOOO        Urea  .  2300 

CarUm    .     .     8100        Carbohydrate    4OO0 

Proteid         .     50O0— 5500  ■ 

1  gramme  of  proteid  giving  rise  to  k  gramme  of  urea.         m 

The  relation  between  the  income  and  expenditure  of  the  body! 
been  already  considered  in  detail  in  the  preceding  chapter.     Wa 
now  turn  to  the  question  of  the  chief  heat-producing  tissues. 

Heat-producing  Tissues.--{L)  The  MiiscU^, — As  the  mai 
form  so  large  a  part  of  the  body,  and  as  in  them  metabolism  isparticnll 
active,  it  is  onlv  reasonable  to  consider  the  muscular  as  the  chief  hi 


♦Sometimea  the  term  Mlogramme-is^dorU  ia  used;  one  kil 
being  equal  to  lOOO  gramme -caloriee. 
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ming  tiesue*  It  will  fihortly  be  pointed  out  that  the  maDifefita- 
iofl  of  muscular  energy  is  always  accompanied  by  the  evolution  of  heat 
le  production  of  carbon  dioxide.  This  production  of  carbon 
goes  on  while  the  muscles  are  at  rest,  ouly  in  a  less  degree  to 
eh  is  noticed  dnring  muscular  activity,  and  so  it  is  certain  that 
live  metabolism  is  going  on  in  resting  as  well  as  in  contracting 
eles.  This  metabolism  is  a  source  of  much  heat,  and  so  the  total 
t  of  heat  produced  in  tlie  muscular  tissues  per  diem  must  be  very 
i.  It  has  been  caJculatetl  that,  even  neglecting  the  heat  produced 
the  quiet  metabolism  of  muscular  tissue,  the  amount  of  heat  gencr- 
by  muscular  activity  would  supply  the  principal  part  of  the  total 
t  produced  within  the  body*  (-.)  The  iSeeretiiif/  fflamhy  and  pr in- 
ly the  liver,  as  being  the  largest  and  most  active,  come  next  to  the 
rtes  as  heat-producing  tissue.  It  has  Ijecn  found  by  experiment  that 
blood  leaving  the  glands  is  considerably  warmer  tbau  that  entering 
The  metabolism  in  the  glands  is  very  active,  and,  as  we  have 
,  the  more  active  the  metabolism  the  greater  the  heat  produced, 
The  Brain;  the  venous  blood  has  a  higher  temperature  than  the 
rial.  It  must  be  remembered,  however,  that  although  the  organs 
re  mentioned  are  the  chief  heat-producing  parts  of  the  body,  all 
ig  tissues  contribute  their  quota,  and  this  in  direct  proportion  to 
ir  activity.  The  blood  itself  is  also  the  seat  of  metabolism^  and, 
refore,  of  the  production  of  beat;  but  the  share  which  it  takes  in 
respect,  apart  from  the  tissues  in  which  it  circulates,  is  very  incon- 
fcble.  There  are  two  other  means  by  which  the  heat  produced  by 
J  ism  of  the  tissues  is  added  to  in  slight  degree,  viz.,  by  friction, 
the  movements  of  muscles,  in  the  circulation  of  blood,  and  else- 
This  contributes  a  slight  but  undetermined  amount  of  heat, 
by  the  taking  in  of  warm  foods,  solid  or  liquid,  a  further  small 
nt  of  heat  is  at  the  same  time  acquired. 


Rboulatioh  of  the  Temperature   of  the  Human   Body. 


He  average  temperature  of  the  body  is  maintained  under  different 
tions  of  external  circumstances  by  mechanisms  which  permit  of 
riation  in  the  loss  of  heat,  and  (2)  variations  in  the  production  of 
In  healthy  warm-blooded  animals  the  loss  and  gain  of  heat  are  so 
My  balanced  one  by  the  other  that,  under  all  ordinary  circumstances, 
iform  temi>erature,  withiu  a  degree  or  two,  is  preserved. 

iation  in  the  Loss  of  Heat. — The  loss  of  heat  from  the  human 
Tb  principally  regulated  by  the  amount  given  off  (1)  by  radiation 
Jcondaction  from  its  surface,  and  by  means  of  the  (2)  constant  evn po- 
of water  from  the  same  part,  heat  being  thus  rendered  latent,  and 
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to  a  much  leas  degree  (3)  from  the  uir-pa£sages;  in  each 
tiou,  heut  ie  lost  to  a  greater  or  le^  extent  according  to  the  tempen 
of  the  atmosphere;  unless  indeed  the  temperature  of  the  gurroum 
air  exceed  that  of  the  blood.  We  must  remember  too  that  (4)  all 
and  drink  which  euter  the  body  at  a  lower  temperature  tlian  it«M 
stract  a  small  measure  of  heat;  (5)  while  the  urine  and  faeces i 
leave  the  body  at  about  its  o>^ii  temperature  are  also  means  by 
email  amount  is  lost. 

(a.)  From  the  SurftKe  of  the  Boriij. — By  far  the  most  importWl^ 
of  heat  from  the  body, — probably  'JO  per  cent  and  upward  of  the  i 
amount,  is  that  which  takes  place  by  radiation,  conduction,  and  6ti| 
tioii  from  the  skin.  The  actual  figures  are  as  follows :^ — of  UK)  cmI 
of  heat  produced,  2Jj  are  lost  in  heating  food  and  drink;  2*6  iahffl 
air  inspired;  14,7  in  evaporation;  and  80.1  by  radiation  and  condnc 
The  means  by  whicli  the  skin  is  able  to  act  as  one  of  the  most  in 
taut  organs  for  regulating  the  temperature  of  the  blooil,  are — (l), 
it  oilers  a  large  surface  for  radiatioUj  conduction,  and  eTaporatitiin; 
that  it  contains  a  large  amount  of  blood;  (3),  that  the  qaafltit 
blood  contained  in  it  is  the  greater  under  those  circumstance! 
demand  a  loss  of  heat  from  the  bojy,  and  vim  t^ersa.  For  the  cm 
stanre  which  directly  duterniines  the  c|tiantity  cf  blood  in  the  ski 
that  which  governs  tlie  supply  of  blood  to  all  the  tissues  and  0Tg*l 
the  body,  namely,  the  power  of  the  vaso-motor  nerves  to  cause  a  gn 
or  less  tension  of  the  ninscular  element  in  the  walls  of  the  arteries, 
in  correspondence  with  this,  a  lessening  or  inereai^e  of  the  caUh 
the  vessel,  accompanied  by  a  less  or  greater  current  of  blood.  Al 
or  hot  atmosphere  so  acts  on  i\w  nerve  fibres  of  the  skin,  as  to 
them  to  cause  in  turn  a  relaxation  of  the  muscular  fibre  of  the  U 
vessels;  and,  as  a  result,  the  skin  becomes  f nil-blooded,  hot,  and  11 
iug;  and  nuteh  heat  is  lost.  With  a  low  temperature^  on  tb**o 
hand,  tlie  blood-vessels  shrink,  and  in  accordance  with  the  couseqiic 
diminished  blood-supply,  the  skin  becon^es  pale,  and  cold,  and  dry; 
no  doubt  a  sirnihir  cflect  may  be  j^roduced  through  the  vaso-motor 
tre  in  the  medulla  and  spinal  cord.  Thus,  by  raeana  of  aself-reguli 
apparatus,  the  skin  l)ecomes  the  most  important  of  the  means  byii 
the  temperature  of  the  body  is  regulated.  , 

In  connection  with  loss  of  heat  by  the  skin,  reference  has  beenJ 
to  that  which  occurs  both  by  radiation  and  conduction,  and  by  evil 
tion;  and  the  subject  of  animal  heat  has  been  considered  almost 8 
with  regard  to  the  ordinary  case  of  man  living  in  a  medium  colder 
his  body,  and  therefore  losing  heat  in  all  the  ways  mentioned* 
importance  of  the  means  however,  adopted,  so  to  speak,  by  the  skii 
regulating  the  temperature  of  the  body,  will  depend  on  the 
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'  vbich  it  is  surrouBded ;  an  inverse  proportion  exiating  in  moet  cases 
tween  a  loss  bj  radiation  and  conduction  on  the  one  hand^  and  by 
Iporation  on  the  other.  Indeed,  the  small  loss  of  heat  by  evaporation 
cold  climates  may  go  far  to  compensate  for  the  greater  loss  by  radia- 
H;  as»  on  the  other  hand,  the  great  amount  of  fluid  evaporated  in 
air  may  remove  nearly  as  much  heat  as  is  commonly  lost  by  both 
iation  and  evaporation  together  in  ordinary  temperatures ;  and  thus, 
■  possible  that  the  quantities  of  heat  required  for  the  maintenance  of 
Iniform  proper  temperature  in  various  climates  and  seasons  are  not 
liferent  as  they,  at  first  sight,  seem. 

laay  examples  may  be  given  of  the  power  ichich  the  hodypOBseme*  of  resist^ 

vie  effeetM  of  a  high  temperaturt,  in  virtue  of  evaporatioa  from  the  fikin. 

|den  and  others  supported    a  temperature  varjing    between    92°-100''  C. 

212 '  F. )  in  dry  air  for  several  minutes ;   and  in  a  subsequent  experiment 

ned    eight  minutes  in  a  temperature  of   128.5"  C.   (260°  F),     "Ilie 

n  of  Sir  F.  Chantrey  were  accustomed  to  enter  a  furnace,  in  which 

,ds  were  dried*  while  the  floor  was  red-hot,  and  a  thermometer  in  the 

at  177.8'^  C.  (350"  F.),  and  Chabert.  the  fire  king,  was  in  the  habit  of 

ng  an  oven,  the  temperature  of  which  waa  from  205'-ai5"  C.   (400*'edO' 

(Carpenter. ) 

hit  mich  heate  are  not  tolerable  when  the  air  is  moist  as  well  as  hot*  bo 
^  prevent  evaporation  from  the  body.  C.  James  states,  that  in  the  vapor 
I  of  Nero  he  was  almost  suffocated  in  a  temperature  of  44.5"  C.  (112°  F. ), 
b  in  the  caves  of  Teataccio,  in  which  the  air  is  dry,  he  was  but  little 
iimoded  by  a  temperature  of  80°  C.  (176*  F. ) .  In  the  former,  evaporation 
I  the  skin  was  impossible ;  in  the  latter  it  was  abundant,  and  the  layer 
Ipor  which  would  rise  from  all  the  surface  of  the  body  would,  by  its  very 
ly  conducting  power,  defend  it  for  a  time  from  the  full  action  of  the  ex- 
^  heat. 

Fe  are  able  hysnitable  clothing  to  increase  or  to  diminish  the  amount 
pftt  lost  by  the  skin. 

le  ways  by  which  the  skin  may  be  rendered  more  efficient  as  a  cool- 
j^paratns  too,  by  exposure,  by  baths,  and  by  other  means  which 
instinctively  adopts  for  lowering  his  temperature  when  necessary, 
ioo  well  known  to  need  more  than  passing  mention. 

Ithough  under  any  ordinarj'  circumstanceft  the  external  application  of 
only  temporarily  depresses  the  temperature  to  a  slight  extent^  it  is  other- 
in  cas68  of  high  temperature  in  fever.  In  these  cases  a  tepid  bath  may 
^e  temperature  several  degrees,  and  tiie  effect  so  produced  last  in 
for  many  hours. 


\)  From  the  Limgs, — Aa  a  means  for  lowering  the  temperature,  the 

and  air- passages  are  very  inferior  to  the  skin;  although,  by  giving 

lo  the  air  we  breathe,  they  stand  next  to  the  skin  in  importance. 

regulating  power,  the  inferiority  is  still  more  marked.     The  air 

is  expelled  from  the  lungs  leaves  the  body  at  about  the  tempera- 
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ture  of  the  blood,  and  is  always  saturated  with  moisture.  No  infeii  < 
proportion,  therefore,  exists,  as  in  the  case  of  the  skin,  between  tbeki 
of  heat  by  radiation  and  conduction  on  the  one  hand,  and  by  eTapontifli 
on  the  other.  The  colder  the  air,  for  example,  the  greater  will  bete 
loss  in  all  ways.  Neither  is  the  quantity  of  blood  which  is  expoeedti 
the  cooling  influence  of  the  air  diminished  or  increased,  so  farvi 
known,  in  accordance  with  any  need  in  relation  to  temperature.  Iti 
true  that  by  varying  the  number  and  depth  of  the  respirations,  tb 
quantity  of  heat  given  off  by  the  lungs  may  be  made,  to  some  extent 
to  vary  also.  But  the  respiratory  passages,  while  they  must  be  conaidera 
important  means  by  which  heat  is  lost,  are  altogether  subordinite,  ii 
the  power  of  regulating  the  temperature,  to  tlie  skin. 

(c)  By  Warming  Cold  Foods. — This  is  an  obvious  method  of  exp^ 
ture  of  heat  which  may  be  resorted  to,  but  the  loss  of  heat  by  theeicnl 
discharged  from  the  body  at  a  high  temj^erature,  must  be  of  little  nsei 
a  means  of  regulating  the  temperature,  since  the  amount  so  lost  must  I 
capable  of  little  variation. 

Variation  in  the  Production  of  Heat./— It  may  seem  to  havebea 
assumed,  in  the  foregoing  pages,  that  the  only  regulating  apparatus  fi 
temperature  required  by  the  human  body  is  one  that  shall,  more  or  kl 
produce  a  cooling  effect ;  and  as  if  the  amount  of  heat  produced  W 
always,  therefore,  in  excess  of  that  which  is  requireil.  Such  an  assami 
tion  would  be  incorrect.  We  have  the  power  of  regulating  the  prodoc 
tion  of  heat,  as  well  as  its  loss. 

The  regulation  of  tlie  production  of  lieat  in  the  body  is  apparent^ 
different  for  ouch  animal,  as  the  absolute  amount  of  heat  set  free  4| 
different  animals  in  a  given  period  varies;  in  one  the  production  of  hel 
exceeds  that  in  another.  It  is  even  said  that  each  individual  has  hi 
own  eootlificnt  of  heat  production.  From  all  that  has  been  Siiid  on  til 
subject  it  will  bo  seen  that  the  amount  of  heat  for  all  practical  pnrpoal 
depends  upon  the  mota])olism  of  the  tissues  of  the  l)ody,  evervtbiB) 
therefore  which  increases  that  metabolism  will  increase  the  heat  prodni 
tion,  so  therefore  the  absolute  amount  of  heat  produced  bv  a  \st§ 
animal,  having  a  larger  amount  of  tissues  in  which  metabolism  may| 
on,  will  be,  ('(rff>ris  pnrihuti,  greater  than  that  of  a  small  animal.  Bati 
course  the  activity  of  tlie  tissue  change  in  a  small  animal  mayl)egr«tt 
than  in  a  large  one,  and  naturally  no  strict  line  can  be  drawn  l)etTrei 
the  two. 

The  ingestion  of  food  has  boon  proved  to  increase  the  metabolisnH 
the  tissues,  and  so,  as  one  would  expect,  the  rate  of  heat  production i 
found  by  experiment  upon  the  dog  to  be  increased  after  a  meal.  >■ 
in  this  animal  the  heat  production  reaches  its  height  about  0  to  U  hoi 
after  a  meal. 
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It  has  ako  been  exj^eri inentally  ascertained    that  the  rate  of  heat 

M^t^tion  varies  gomewhat  witli  the  kitiii  of  food  tuken,  for  example, 

sugar  be  added  to  the  meal  of  meat  given  to  the  dog,  the  height  of 

laximum  production  i&  reached.     It  was  always  said  that  various  nations 

id  found  by  experience  what  food  %vas  m*3st  suitable  for  the  climate  in 

ich  they  lived,  and  that  such  experience  could  lie  trusted  to  regulate 

'  quantity  consumed.     Although  there  have  been  no  very  conclusive 

perimeutsto  prove  this  view,  yet  it  is  a  matter  of  general  observation 

It  in  northern  climates  and  in  colder    seasons  the  quantity  of  food 

ten  i&  greater  than  in  ivarmer  climates  or  in  warmer  seasons.     More- 

»r,  the  kind  of  food  is  different.     For  example,  persons  living  in  the 

der  climates  require  much  fat  in  order  to   produce   the   requisite 

iount  of  heat. 

In  exercise,  we  have  an  important  means  of  raising  the  temperature  of 
f  bodies,  by  it  the  muscular  metabolism  is  increased,  m  is  shown  by 
increased  outjnit  of  carbou  dioxide. 

Influence  of  the  Nervous  System. — The  influence  of  the  nen^ous 
tern  in  modifying  the  production  of  heat  must  be  very  important,  as 
nervous  influence  depends  the  amount  of  the  metabolism  of  the 
ine^.  The  experiments  and  observations  which  best  illustrate  it  are 
showing,  first,  that  when  the  supply  of  nervous  influence  to  a  part 
Ut  olf,  the  temperature  of  that  pari  after  a  time  falls  below  its  ordi* 
y degree;  and,  secondly,  that  when  death  is  caused  by  severe  injury 
or  remova]  of,  the  nervous  centres,  the  temperature  of  the  body 
idly  falls,  even  though  artilieial  respiration  ije  pcrformetl,  the  circn- 
an  maintained,  and  to  all  appearance  the  ordinary  chemical  changes 
he  body  be  completely  effected.  It  has  been  repeatedly  noticed,  that 
division  of  the  nerves  of  a  limb  its  temperature  ultimately  fulls; 
tbiB  diminution  of  heat  has  been  remarked  still  more  plainly  in 
hs  deprived  of  nervous  influence  by  paralysis. 

With  equal  certainty,  though  less  definitely,  the  influence  of  the 
'0U5  system  on  the  production  of  heat  is  sho^vn  in  the  rapid  and 
lentary  increase  of  temperature,  sometimes  general,  at  other  times 
0  local,  which  is  observed  in  states  of  nervous  excitement;  in  the 
Wi  increase  of  warmth  of  the  body,  excited  by  passions  of  the  mind; 
\e  sadden  rush  of  heat  to  the  face,  which  is  not  a  mere  sensation; 
in  the  equally  rapid  diminution  of  temperature  in  the  depressing 
ons.  All  of  these  examples,  however,  are  explicable,  on  the  suppo- 
that  the  nervous  system  alters,  by  its  power  of  controlling  the 
of  the  blood-vessels,  the  quantity  of  blood  supplied  to  a  part. 
,part^  however,  from  this  vaso-motor  power  of  increasing  the  blood- 
\y  to  internal  organs,  and  to  the  tissues  in  general,  bv  means  of 
li  it  is  possible  to  increase  their  metabolism  and  so  tlieir  production 
,t,  there  is  evidence  to  suppose  tluit  there  is  another  nervous  appa* 
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rains  cloeely  comparable  to  that  which  regnlatet  the  lecretioaotfl 
or  of  awent,  by  meana  of  which  the  production  of  heat  in  the 
blooded  aDimak  is  increased  or  diDiinished  as  occ^ion  requires,  Tw* 
apparalus  probably  coBaista  of  a  centre  or  centres  which  may  betdlexlj 
stitDutated,  as  for  example  by  impulses  from  the  akin,  and  which  act 
throogh  special  nerves  supplied  to  the  variona  tiasaefi.     The  avid 
npon  which  the  existence  of  this  regulating  apparattia  depends  ill 
marked  effect  in  the  increase  of  the  oxygen  taken  in  by  a  warm-blooW] 
animal  when  exposed  to  cold  and  the  corresponding  increase  in  theont| 
of  carbon  dioxide,  indicating  that  there  is  ao  increaae  of  ibe  meUboliii j 
and  BO  an  increased  production  of  heat^  under  such  circumgtaiieediii| 
not  a  mere  diminution  of  the  amount  of  heat  lost  by  the  skin,  etc,    A  c 
blooded  animal  reacts  very  differently  to  exposure  to  cold ;  instead rfiiii 
the  case  of  the  warm-blooded  animal,  increasing  the  metabolisiUi  mUJ 
diminishes  the  metabolism  of  its  tissues.     It  appears  clear,  thei 
that  in  warm-blooded  animals  there  is  some  extra   apparatus 
counteracts  tho  effects  of  cold  which  in  cold-blooded   animals 
diminished  metabolism.     In  warm-blooded  animals  poisoned  bjeafi 
or  in  which  section  of  the  bulb  has  been  done,  it  has  been  fonad 
this  regulating  apparatus  is  no  longer  in  action,  and  under  such  cin 
stances  no  difference  appears  to  exiat  between  each  animals  and 
which  are  naturally  cold-blooded.     Warmth  increases  their  temp 
and  cold  lowers  it,  and  with  this  there  is  of  course  evidence  of  dim 
ished  metaboliara*     The  explanation  of  these  experiments  as  given  1 
modem  physiologists  is  that  in  such  animals  the  connection  which i 
rally  exists  between  the  skin  and  the  muscles  through  the  nerTouachi 
such  as  a  thermotaxic  nervous  apparatus  might  be  supposed  to  afloril 
broken  either  at  the  termination  of  the  nerves  in  the  muscles  or  at  t 
section  point  of  the  bulb.     The  position  of  this  hypothetical  centre il^ 
matter  of  some  difference  of  opinion.     It  has  been  demonstrated  i 
stimulation  of  different  parts  of  the  brain  may,  among  other  sytnptoi 
produce  increased   metabolism  of  the  tissues  with  increased  output  \ 
carbon  dioxide  and  a  raised  temperature:  tlw  p«irt^  of  which  thisr 
asserted  are  parts  of  the  corpus  striatum  and  of  the  optic  thali 
The  exact  situation  of  the  heat  centres,  however,  is  at  present  not  J 
with  certainty. 

Experimental  observations  such  as  have  been  made  npon 
receive  conOrmation  from  the  observations  of  patients  who  sailer  I 
fever  or  pyrexia;  in  them  the  temperature  of  the  body  may  be 
several  degrees,  as  we  have  already  pointed  out  (p.  484).  This  in 
of  temperature  might  of  course  be  due  to  diminished  loss  of  heat  tn 
the  skin,  but  this  although  in  all  probability  entering  into  itscausati^ 
is  not  the  only  cause.     The  amount  of  oxygen  taken  in  and  the  amo 
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m  dioxide  given  out  are  both  increased,  and  with  this  there  must 
issed  metabolism  of  the  tissues,  and  particularly  of  the  muscular 
since  at  the  same  time  the  amount  of  urea  in  the  urine  is 
^d.  Every  one  is  familiar  with  the  rapid  wasting  which  is  such 
.cterietic  of  high  fever;  it  must  indicate  not  only  too  rapid 
ism  of  the  body,  but  ako  insufficient  time  for  the  tissues  to  build 
ves  up*  In  fever  then  there  may  be  supposed  to  be  some  inter- 
in  the  ordinary  channel  by  which  the  skin  is  able  to  communi- 
the  nervous  system  the  necessity  of  an  increased  or  diminished 
ion  of  heat  in  the  muscles  and  other  tissues.  In  consequence  of 
d  in  spite  of  the  condition  of  heat  of  the  surface  of  the  body, 
tduction  of  heat  goes  on  at  an  abnormal  rate*  It  is  not  certain 
way  the  centre  acts,  whether  it  is  one  which  keeps  the  meta- 
in  check,  and  when  out  of  gear  it  is  no  longer  able  to  do  this,  or 
%  on  the  other  hand,  it  is  a  centre  by  means  of  which  the  meta- 
3f  the  tissues  may  be  increased  by  stimuli  proceeding  from  it. 
J3  from  the  skin  would,  according  to  these  two  possible  modes 
n,  act  either  in  the  direction  of  increasing  its  inhibitory  action, 
he  direction  of  increasing  or  of  diminishing  the  different  stimuli 
increased  production. 

uence  of  Extreme  Heat  and  Cold. — ^In  connection  with  the 
on  of  animal  temperature^  and  its  maintenance  in  health  at  the 
height,  may  be  noted  the  result  of  circumstances  too  powerful, 
tt  raising  or  lowering  the  heat  of  the  body,  to  be  controlled  by  the 
regulating  apparatus.  Walther  found  that  rabbits  and  dogs  kept 
to  a  hot  sun,  reached  a  temperature  of  46°  C.  (114.8°  F. ),  and 
ed.  Cases  of  sunstroke  furnish  us  with  several  examples  in 
B  of  man;  for  it  would  seem  that  here  death  ensues  chiefly  or 
'om  elevation  of  the  temperature. 

effect  of  mere  loss  of  bodily  temperature  in  man  is  leas  well  known 
B  effect  of  heat.  From  experiments  by  Walther,  it  appears  that 
jpi  be  cooled  douTi  to  8.9*^  CI  (48''  R),  before  they  die,  if  arti- 
ipiration  be  kept  up.  Cooled  down  to  17.8°  C.  (04""  F.),  they 
recover  unless  external  warmth  be  applied  together  with  the 
nent  of  artifical  respiration.  Rabbits  not  cooled  below  25°  0, 
ijrecover  by  external  warmth  alone. 


CHAPTER  Xni. 
EXCRETION. 

We  have  now  considered  the  methods  by  which  the  food  is  digrttel 
and  prepared  for  absorption,  as  well  as  the  methods  by  which  the  changed 
materials  reach  the  general  blood-stream,  either  by  means  of  the  lymplh 
atics  of  the  intestinal  wall  or  by  the  capillaries  of  the  portal  circnlatioo. 
We  have  also  discussed  the  most  difficult  problems  of  physiology,  tIl, 
those  concerned  with  the  exact  changes  which  take  place  in  the 
and  organs  of  the  body,  when  they  are  supplied  with  the  food 
for  life.  We  have  mentioned  the  chief  forms  in  which  the  waste  miti* 
rials  resulting  from  the  metabolism  of  the  tissues  leave  the  body,  ft 
have  seen  how  carbon  dioxide  and  other  matters  are  eliminated  bytb; 
lungs,  and,  further,  we  have  devoted  some  time  to  the  consideration  rf 
tlie  amount  and  composition  of  the  fa?ces.  The  highly  important  fnwj- 
tion  of  the  kidneys,  in  excreting  the  urine,  and  thus  removing  cerUifl 
waste  materials,  and  tlie  functions  of  the  skin  remain,  and  it  is  to  these 
that  we  must  now  direct  our  attention. 

The  Structure  and  Functions  of  the  Kidnejrs. 

The  kidneys  are  two  in  number,  and  are  situated  deeply  in  the 
bar  region  of  the  abdomen  on  either  side  of  the  spinal  column  bel 
the  peritoneum.     Tliey  correspond  in  position  to  the  last  two  dorsal 
two  upper  lumbar  vertebra?;  tlie  right  being  slightly  below  the  left 
consequence  of  the  position  of  the  liver  on  the  right  side  of  theal 
men.     They  are  about  4  inches  long,  2^  inches  broad,  and  U  incl 
thick.     Tlio  weight  of  eacli  kidney  is  about  4^  oz  (140  grms.). 

tSfrucfiur. — The  kidney  is  covered  by  a  tough  fibrous  capsule,  whkl 
is  slightly  attached  by  its  inner  surface  to  the  proper  substance  of  thi 
organ  by  means  of  very  fine  fibres  of  areolar  tissue  and  minute  blooft 
vessels.  From  the  healtliy  kidney,  therefore,  it  may  be  easily  torn  of 
without  injury  to  the  subjacent  cortical  portion  of  the  organ.  Atth 
Jiilifs  or  notch  of  the  kidney,  it  becomes  continuous  with  the  extenil 
coat  of  tlie  ui)i)er  and  dilated  part  of  the  ureter  (tig.  201). 

On  dividing  the  kidney  into  two  equal  parts  by  a  section  carriai 
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;h  its  long  convex  border  (fig.  291),  the  main  part  of  its  substance 

to  be  composed  of  two  cbief  portions  called  respectively  vorfiral 

mrdnUary,  the  latter  being  also  Bometimes  called  jujritmidnl.ijom 

fact  of  its  being  composed  of  about  a  dozen  conical  bundles  of  urine 

r^  each  bundle  forming  what  is  called  a  pyramid.     The  upper  part 

e  ureter  or  duct  of  the  organ,  is  dilated  into  the  pelri,^  :  and  this, 

,  after  separating  into  two  or  three  principal  divisions,  is  finally 

divided  into  still  smaller  portions,  varying  in  number  from  about  8 

2,  or  even  more,  and  called  mli/ces.     Each  of  these  little  calyces  or 

k  which  are  often  arranged  in  a  double  row,  receives  the  pointed 


/ 


\^ 


Tig.  SSL 


Tig.  sue. 


It 


a  loofEitudifuU  »et.*tJr>n  thmuf^h  the  pelvis  and  subtftAnce  of  tiheri|chtlddia«ij, 
•itance :  6.  b,  broad  part  of  the  pyramids  oC  Malpi^rhi;  e,  c,  the  diviajona  of  c£e 
laid  open :  c'.  oue  oi  ttn  i^  unopc'Ded  ;  d,  Miiniult  of  the  pvramlda  of  p&pIlkB 
H ;  e.  c,  wetion  of  the  narrow  piu*t  of  two  pjramkii  near  the  calvcta;  p.  pai- 
»us  of  the  ureter  wkhlft  tbf  kidney :  n,  the  ureter;  i,  tht^  ulnus;  h,  the  htlos. 
on  of  a  Becretliig  tubule  from  the  eortical  wibstaDOe  of  the  kidney,  b.  Th«  ept- 
X  TtX>  times. 


tmity  OT  papilla  of  a  pyramid.    Sometimes,  however,  more  than  one 

ilia  h  received  by  a  calyx. 

The  kidney  is  a  compound  tubular  gland,  and  both  its  cortical  and 

hillary  portions  are  composed  essentially  of  tubes,  the  tubnU  Krini- 

\  which^  by  one  extremity,  in  the  coriiad  |*ortiun,  end  commonly  in 
eaecules  contitining  blood* vessels,  called  Malpifjh'utn  bodies,  and, 

be  other*  opened  through  the  papillse  into  the  pelvis  of  the  kidney, 

thus  discharge  the  urine  which  flows  through  them. 

a  the  pyramids  the  tubes  are  chietly  straight— dividing  and  diverge 
they  ascend  through  these  into  the  cortical  portion;  while  in  the 
region   they   spread   out   more   irregularly,   and   become    much 

xshed  and  convoluted. 

%dti/t  DriniferL—Th^  tubuli  uriuiferi  (fig.  292)  are  composed  of 


Tig.  28SL^A  dJo^rttin  of  the  sectiona  of  urinlferouft  tubes.  A^  Cortex^  ljmt*«d  extern^  1l! 
eapBule;  a,  subcmricuMr  Imyer  not  contalninfc  M&lpf^iao  oofpUBcles;  a\  iQn<«r  Rtracum  of  o> 
alBo  without  MutpWhUn  c&mules  :  B,  boundary  liyer;  C^  pikplll&ry  part  next  "hf  \>yaaAvj^ 
1,  Ho wdqad's  capsule  of  Hafpifrblan  oorpiiiicif ;  «,  i»eclc  of  capsule;  a.  proxinml  ccn^volotwl  ™ 
splml  tubule;  5.  d<^scendln^  limb  of  Henle^s  loop;  6,  the  loop  proper ;  T,  thick  piLrt  of  tb*"*"} 
limb  :  K.  RTiiral  part  of  ascend  inj;  llcrib;  ii,  oar  re  w  ascvndiuj^  itmh  in  the  mMullMT  "^'liL* 
ref^iilar  tubule;  U,  the  interealar^d  eecrion,  or  the  diHtal  cor^volut<^i  tubule;  IS.  tlM  tnirfwcj 
ini^  tiihule ;  1H,  the  stral>?litcv>hecl:Iu^  tubule  of  the  meiiullaiy  ray  ;  14,  the  cullecting  tnb»n 
boundary  layer;  35,  the  lanz:e  colleciiiig  tube  of  the  papiUao'  P*t"t  which,  joiaiOig  vWb  m 
tube  ii,  fonii»  the  duct.    (Klein,) 

to  be  made  up  of  seyenkl  distinct  sectiotifi  which  differ  from  one^iQOi 
very  markedly,  both  in  Bitmition  and  strut^ture.  According  to  H 
the  following  segments  may  he  made  out:  (1)  The  Malpighianc^ 


K5CRBTI0K. 

293,  298),  composed  of  a  hyaline  membruDa  propria,  thickened 
irSiying  amount  of  fibrous  tissue,  and  lined  by  flattened  nucleated 
;helial  plates.  This  capsule  is  the  dilated  extremity  of  the  urinif- 
ns  tubule,  and  contains  within  it  a  glomerulus  of  conroluted  capil- 
'Mood-vessels  supported  by  coniiectire  tisaues,  and  covered  by  flat- 
Hi  epithelial  plates.  The  glomerulus  ie  connected  with  an  eUerent 
an  afferent  vessel,  (2)  The  constricted  neck  of  the  capsule  {fig. 
2),  lined  in  a  similar  manner,  connects  it  with  (3)  The  Proximal 
9lukd  iubuhi  which  forms  several  distinct  curves  and  is  lined  with 


"S^i^  j  jrw  ''mM^^j^^^^^^si^^wjgffsssssSS^i 


1^,  Sn4. — Fronn  a  Tertlcat  aeeUon  throuE^h  Oie  kidney  of  a  dog— the  capeule  of  which  is  BUpposed 
an  tbt*  rig^ht,  a,  the  capillaries  c<f  tLe  >lalpi^hUiii  corpuiicle— vlis..  the  e^lomerulus,  ore  or- 
1  Id  lobuJi!fl;  n,  ufck  of  capsule  -  r.  erjUTnluted  tubes  cut  In  various  dlrectfoo^  :  b,  irrep^ular 
;  d,  It,  axud/,  are  straitrlit  tuVx^a  runninf?  lowan!  yapsiilea  fanning  a  socall*^  mvduilaryrayi 
pcliDg  tube  ;  e.  spiral  tube;  /,  nam>w  sectiDti  of  aficettdiug  limb.  X  H^IO.  (KM a  and  Noble 
*/ 

klumnar  cells,  which  vary  somewhat  in  size.  The  tube  next 
Imost  vertically  downward,  forming  (4)  The  Spiral  Tuhuh, 
h  is  of  much  the  same  diameter,  and  is  lined  in  the  same  way  as 
ouTolated  portion.  So  far  the  tube  has  been  contained  in  the  cortex 
le  kidney;  it  now  passes  vertically  downward  through  the  niost 
nal  part  (boundary  layer)  of  the  Malpighian  pyramid  into  the  more 
nal  part  (papillary  layer),  where  it  curves  up  sharply,  forming 
ether  the  (5  and  6)  Loop  of  Henle^  which  is  a  very  narrow  tube 
with  flattened  nucleated  cells.  Passing  vertically  upward  just  as 
ubo  reaches  the  boundary  layer  (7),  it  suddenly  enlarges  and  be* 
I  lined  with  polyhedral  cells,     (8)  About  midway  in  the  boundary 
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kyer  the  tube  again  narrows,  forming  the  useendtng  spiral  of  Htnlit 
hopy  but  is  still  lined  with  polyhedral  cells.  At  the  point  where  the  tubi 
enters  the  cortex  (9)  the  ascending  limb  narrows^  but  the  di&meter 
Tariee  considerably;  here  and  there  the  cellg  are  more  flatteneil 
both  in  this  as  in  (B),  the  cells  are  in  many  places  very  angular,  brand 
and  imbricated*  It  then  Joins  (10)  the  "  irregular  tubule,"  which  hail 
very  irregular  and  angiiliir  outline,  and  is  lined  with  angular  and  imbri- 
cated cells.  The  tube  next  becomes  convoluted  (11),  forming  ihM 
convoluted  tube  or  intercalated  section  of  Schtongger-Seidel,  which  ii 
identical  in  all  respects  with  the  proximal  oonToluted  tube  (12  andl3|. 
The  curved  and  straight  collecting  tubes,  the  former  entering  the  kiier 


.C*t.. 


v* 


'^^^/ 


m 


Wig,  SQ6.— Truwrene  s(*ctl<m  of  ft  renal  tMifiiUA;  a,  Urm  tnbM  or  papillary  duoU;  h*  e,  and  i  0*1 
tut>es  of  Heole;  e,  f,  blood  eapllljuiefl.  diaUoiriiiiuied  by  their  Oatter  epitbeUtUD.    (C^diit,) 

at  right  angles,  and  the  latter  passing  rertically  downward,  are  lined 
with  polyhedral,  or  spindle-shaped,  or  flattened,  or  angular  ceik   ThiJ 
straight  collecting  tube  now  enters  the  boundary  layer  (14)  and 
on  to  the  papillary  liiyer,  and,  joining  with  other  collecting  tubes,  foTBUl 
larger  tubes,  which  finiilly  open  at  the  apex  of  the  papilla.    These  ( 
lecting  tubes  are  lined  with  tninsparent  nucleated  columnar  or  cubic 
cells  (14,  15), 

The  cells  of  the  tubules  with  the  exception  of  Henle's  loop  and i 
parts  of  the  collecting  tubules,  are,  as  a  rule,  possessed  of  the  inbirj 
nuclear  as  well  as  of  the  intm-cellular  network  of  BbreSi  of  which  t 
vertical  rods  are  most  conspicuous. 

In  some  places,  it  is  stated  that  a  distinct  membrane  of 
cells  can  be  made  out  lining  the  lumen  of  the  tubes  {centrotubuUt  \ 
hrane). 
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Blood-Vessels, 

ply, — In  connection  with  the  general  distribution  of  blood- 
^  kidney,  the  Mal^tgJnan  Corpuscles  must  be  further  coo- 
If  (fig*  29?)  are  found  only  in  the  cortical  part  of  the  kid* 
>f  ney,  aiul  are  confined  to  the  central 

party  which,  however,  makes  up  about 
seven-eighths  of  the  whole  cortex. 
On  a  section  of  the  organ,  some  of 
them  are  juat  visible  to  the  naked 
eye  as  minute  red  points;  others  are 
too  small  to  be  thus  seen.  Their 
average  diameter  h  about  yj-^  of  an 
inch  (^  mm.).  Each  of  them  is  com- 
posed, as  we  have  seen  above,  of  the 
dilated  extremity  of  an  uriniferoas 
to  be,  or  Malpighian  capsule,  which 
encloses  a  tuft  of  blood-vessels. 

The  renal  artery  divides  into  sev- 
eral branches,  which,  passing  in  at 
the  hilui  of  the  kidney,  and  covered 
by  a  fine  sheath  of  areolar  tissue  de- 
rived from  the  capsule,  enter  the  sub- 
stance of  the  organ  chiefly  in  the  in- 
tervals between  the  papillae,  and  at  the 
junction  between  the  cortex  and  the* 
boundary  layer.  The  main  branches 
then  pass  almost  horizontally,  form- 
ing more  or  less  complete  arches  and 
giving  off  branches  upward  to  the 
cortex  and  downward  to  the  medulla. 
The  former  are  for  the  most  part 
straight;  they  pass  almost  vertically 
to  the  surface  of  the  kidney,  giving 
n  all  directions  longer 
and  shorter  branches,  which  ulti- 
mately supply  the  Malpighian  bodies* 
afferent  artery  (figs.  297  and  298)  which  enters  the  Malpig- 
e,  breaks  up  in  the  interior  as  before  mentioned  into  a  dense 
d  looped  capillary  plexus?  (rete  mirabile),  which  is  ultimately 
gain  into  several  small  efferfui  vessels,  comparable  to  minute 
leave  the  capsule  at  one  or  more  places  near  the  point  at 


..../ 


of  kidney,    a, 


mlar  supply 

}h;  ^TinterlobuJar  artefj;  Ci 

event  Te««elfi  jJAs^me:  lo  Ihe    ^r-   i    . |i„ 

rteri*  recta:  c.eapillttrfes  of   off  laterally 
lie*  of  mmluUa;   g^  venous 
Blatof  meduUa;  j,  reoa  stel- 
rTcio,    (Cadiat.i 


Ffr  aaa— Malpi^hiM  capmle  anil  tuft  of  capilliiries.  icjeot^d  tbrcnig^  the  mial  artef? 
colored  gwlAttn.  *i,  elomtfnilar  vetWflfi  :  b.  cjip«ule  ;  r.  ao tenor  capsule;  d,  plnmendAr  «i*»7 
HfTeftJiit  veiUBi  /,  epittieiiuiu  of  tubes,    iCadiat ) 


the  radicles  of  the  renal  vein.     These  small  yeins  pass  into  others 
form  venous  archee  corresponding  to  the  arterial  arches,  but  whicb 
more  distinct,  situated  between  the  medulla  and  cortex* 


^ 
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Thus,  in  the  kidney,  the  blood  entering  by  the  renal  artery,  traverses 

sets  of  capillaries  before  emerging  by  the  renal  rein,  an  arrangement 

ich  may  be  compared  to  the  portal  system  in  miniature. 

The  tnft  of  vessels  within  the  Malpighian  capsule  in  the  conrse  of  de- 

bpment  has  been   thrust  into  tlie  dilated  extremity  of  the  urinary 

fcle,  which  finally  completely  invests  it.     Thos  within  the  Malpighian 

knle  there  are  two  layers  of  squamous  epithelium,  a  parietal  layer 

bg  the  capsule  proper,  and  a  visceral  or  reflected  layer  immediately 

bring  the  vascular  tuft  {tig.  2l>9),  and  sometimes  dipping  down  into 

mterstices.     This  reflected  layer  of 

Ibeliuni    is  readily   seen   in   young 

ects^  but  cannot  always  be  demon* 

ed  in    the  adult     (See  figs.    20f> 

3000 

a  ^\ 


/ 


\X-^ 


v^. 


Fig.  280. 
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L  aMBl— TransTCT*?  sectioD  of  a  deTelppinfc  Malpighian  capsule  and  tuft  (huinitTi)*    x  300. 
I  fuetiu  At  about  the  fourth  mootb:  o.  flattened  celb  growing  to  form  the  capsultf;  &„  mora 
fed  oellss   continuous  with  the  above,  refled-tetl  ruuiui  c,  and  dnally  (Enveloping  it;  c,  moss  of 
^ie  ceUM  which  m!!  lutt'r  l^tHjonii*  de%'elnj)tH}  into  blowl-vesaeiu.    <W.  Pye,) 
|,  900l — Epitbeli:  '  .    -  v>f  a  Malpit^hiaD  c^psute  and  tuft,  vrith  tiiV*  commencement  of  a 

r  tubule  sliowit  i-nt  &in\  efTtTfiit  veRsel ;  o*  layer  of  tlat  epitlieliuiii  fonnin^  tlio 

e:  **- similar,  hi  J  i  .r  ^*rr  pit  bL4iaU>4ls5,  plated  in  the  walls  of  tlie  tube;  cc*"  lis.  covering 

^  B  of  the  capiiiary  tuit;  d,  cammetusbmeat  of  the  tubule,  somewliat  narrower  that  the  rect 


vessels  which  enter  the  medullary  layer  break  up  into  smaller 

olefi,  which  pass  through  the  hound ary  layer,  and  proceed  in  a 

bt  course  between  the  tubules  of  the  papillary  hiyer,  giving  off  on 

way  branches,  which  form  a  fine  arterial  meshwork  around  the 

I,  and  ending  in  a  similar  plexus  from  which  the  venous  radicles 

emdes  the  Email  affereni  arteries  of  the  Malpighian  bodies,  there 
>f  course,  others  which  are  distributed  In  the  ordinary  manner,  for 
lutrition  of  the  different  parts  of  the  organ;  and  in  the  pyramids, 
fcen  the  tubes,  there  are  nnmeroua  straight  vessels,  the  vmn  recta, 
of  which  are  branches  of  vma  efferent i a  from  Malpighian  bodies, 
iherefore  comparable  to  the  venous  plexus  around  the  tubules  in 
31 
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the  cortical  portion,  while  others  arise  directly  as  small  branches  of  1 
renal  arteries. 

Between  the  tubes,  Tessels^  etc.,  which  make  up  the  substance  i 
the  kidney,  there  exists^  in  small  quantity,  a  fine  matrix  of  arealirl 
tissue* 

J^erres. — The  nerves  of  the  kidney  are  derived  from  the  renal  pk 
of  each  side.     This  consists  of  both  medullated  and  non-medo 
nerve-fibres,  the  former  of  varying  size,  and  of  nerve-cells.    Thai 
plexus  is  derived  from  the  solar  plexus,  particularly  from  the  i 
ganglion.    The  renal  plexus  is  thus  indirectly  connected  with  the  vagjii 
with  the  splanchnic  nerves*     It  is  also  directly  connected  with  theml 
fibres  which  pass  to  them  without  first  Joining  the  solar  plexus. 
from  the  anterior  roots  of  the  eleventh,  twelfth,  and  thirteenth  da 
nerves  in  the  dog  also  pass  to  the  same  plexus,  either  directly  i 
the  aympathetic  chain  or  by  first  passing  into  the  solar  plexus. 


fig.  flOL-^Epltlietium  of  the  Madder:  n,  oti«  of  the  e^Us  of  th^  tint  row:  b,  *  oeQ  of  lh«  ■ 
c,  cellfl  in  titu,  vt  flint,  i«concl,  aod  deeptfflt  lAjen,    (Obersteiiier.) 


The  Ureters. — The  duct  of  each  kidney,  or  ureier^  is  a  tube  I 
the  siise  of  a  goose-quUl,  and  from  twelve  to  sixteen  inches  in 
which,  contiBUouB  above  with  the  pelvis  of  the  kidney,  ends 
perforating  obliquely  the  walls  of  the  bladder*  and  opening  on  its  i 
nal  surface. 

Strucinre,— It  is  constructed  of  three  principal  coats  (a)  an  i 
tough f fibrous  and  elasiw  coat;  (b)  a  middle  muscular  coat, of  whid 
fibres  are  unstriped,  and  arranged  in  three  layers — the  fibres  of  ih 
tral  layer  being  circular,  and  those  of  the  other  two  longitud 
direction;  and  (r)  an  internal  ftuicous  lining  continuous  with 
the  pelvis  of  the  kidney  above,  and  of  the  urinary  bladder  below. 
epithelium  of  all  these  parts  (fig.  301)  is  alike  stratified  and  of  a 
what  peculiar  form;  the  cells  on  the  free  surface  of  the  mucous 
brane  being  usually  spheroidal  or  polyhedral  with  one  or  more  sp 
or  oval  nuclei ;   while  beneath  these  arc  pear-shaped  cells,  of  wh 
broad  ends  are  directed  toward  the  free  surface,  fitting  in  bene 
cells  of  the  first  row,  and  the  apicea  are  prolonged  into  pracesees  I 


EXCRETION. 


483 


lengths,  among  which,  again,  the  ileepeet  cells  of  the  epithelium 
found  spheroidal^  irregularly  ovah  spindle-shaped  or  conical. 
The  Urinary  Bladder.— The  urinary  bladder,  which  forma  a  re- 
itacle  for  the  temporary  lodgment  of  the  urine  in  the  iuteryala  of  its 
ulsion  from  the  body^  is  more  or  less  pyrif orm,  ite  widest  part,  which 
tuate  above  and  behind,  being  termed  the  funduis;  and  the  narrow 
Btricted  portion  in  front  and  below,  by  which  it  becomes  continuous 
h  the  urethm,  being  called  its  cervix  or  neck, 
Stniriure,~it  is  constructed  of  four  principal  coats —  serous^  mus* 

\  areolar  or  snhmucou^,  and  fuucotts,  (a,)  The  serous  coat,  which 
'crs  only  the  posterior  and  apper  part  of  the  bladder,  has  the  same 
ctare  aa  that  of  the  peritoneum^  with  which  it  is  continuous,  {b) 
i  fibres  of  the  muscuiar  coat,  which  are  unstriped,  are  arranged  in 
principal  layers,  of  which  the  external  and  internal  have  a  general 
gitodinalj  and  the  middle  layer  a  circular  direction.  The  latter  are 
lecially  developed  around  the  cervix  of  the  organ,  and  are  described 
lormiag  a  Apkincter  vesicw.  The  maseular  fibres  of  the  bladder,  like 
of  the  stomach,  are  arranged  not  in  simple  circles,  but  in  fignre- 
8  loops,     (c)  The  areolar  or  submut'ous  coat  is  constructed  of  connec- 

tifisne  with  a  large  proportion  of  elastic  fibres,     {d)  The  mucous 

brane,  which  is  rugose  in  the  contracted  state  of  the  organ,  does 

differ  in  esBenUal  strocture  from  mucous  membranes  in  general, 
epithelium  is  stratified  and  closely  resembles  that  of  the  pelvis  of  the 
ney  and  the  areter  (fig,  301), 
The  mucous  membrane  is  provided  with  mucous  glands,  which  are 

numerous  near  the  neck  of  the  bladder. 
The  bladder  is  well  provided  with  blood-  and  h/mph-veaseh^  and  with 
PT^.     The   latter  are  both    medullated  and  non*medullated  fibres, 

branches  from  the  sacral  plexus  (spinal)  and  hypognstric  plexus 
hetic).    Ganglion-cells  are  loundj  here  and  there,  in  the  course 
nerre-fibrea. 


The  Urine, 


^hyncal  Properties. — Healthy  urine  is  a  perfectly  transparent,  am- 
>lored  liquid,  with  a  peculiar,  but  not  disagreeable  odor,  a  bitterish 

B,  and  slight  acid  reaction.     Its  specific  gravity  varies  from  1015  to 

On  standing  for  a  short  time,  a  little  mucus  appears  in  it  as  a 

ilent  cloudy  consisting  cheniically^  it  is  said,  of  nucieo-albomin  and 

mncin. 

4  hemical  Composition, — The  urine  consists  of  water^  holding  in  eolu- 

Ecsertain  organic  and  saline  matters  aa  its  ordinary  constituents,  and 
jonally  various  other  matters;  some  of  the  latter  are  indications  of 
aed  states  of  the  system,  and  otliers  are  derived  from  unusual  articles 
od  or  drues  taken  into  tlic  stnmnolu 
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Chemical  Composition  of  the  Urine. 

Water 

Solids — 

Urt^a 

Other  nitrogenous  crystalline  bodies — 

Uric  acid,    principally  in  the  form  of  alka- 
line Urates,  a  trace  only  free. 
Kreatiniu,  Xanthin,  Hypoxathin. 
Hippuric  acid. 

Mucus,  Pigments,  and  Ferments. 
Salts  :— 

Liorganic— 

Priuci|>ally  Sulphates,  Phospliates,  and 
Chlorides  of  Sodium  and  Potassium,  with 
Phosphates  of  Magnesium  and  Calcium, 
traces  of  Silicates  and  Chlorides. 


Organic — 

Lactates,  Hippurates,  Oxalates,  Acetates  and 
Formates,  which  only  appear  occasion- 
ally. J  83 

Sugar a  trace  sometimes. 

Gases  (nitrogen  and  carbonic  acid  principally) . 

1000 


967 


14230 


10.635 


8.135 


Reaction, — The  normal  reaction  of  the  urine  is  slightly  acid, 
acidity  is  due  to  acid  phosphate  of  sodium,  and  is  less  marked  soon 
meals.  The  urine  contains  no  appreciable  amount  of  free  acid,  u 
gives  no  precipitate  of  sulphur  with  sodium  hyposulphite.  After  si 
ing  for  some  time  tlie  acidity  increases  from  a  kind  of  acid  fermeni 
due  in  all  prol)al)ility  to  the  presence  of  mucus  and  fungi,  and 
urates  or  free  uric  acid  is  deposited.  After  a  time,  varying  in  I 
according  to  the  temperature,  tlie  reaction  becomes  strongly 
from  the  change  of  urea  into  ammonium  carbonate,  due  to  the  prea* 
of  one  or  more  specific  miQvo-ovgtim^m^  {micrococcus  urei^).  Then 
takes  up  two  molecules  of  water — a  strong  ammoniacal  and  foetid  0( 
aj)pears,  and  deposits  of  triple  phosphates  and  alkaline  urates  take pli 
This  does  not  occur  unless  the  urine  is  freely  exposed  to  the  air,! 
at  least,  until  air  has  had  access  to  it.  ] 


Reaction  of  Urine  in  Different  Classes  of  Animals.— In  most  herbivorous  ml 
mals  the  uriiio   is  alkaliue   aud  turbid.     The  difference  depends  not  on 
I)eculiarity  iu  the  nicxle  of  secretion,  but  on  the  difference  in  the  food  on 
the  two  classes  subsist ;  for  when  carnivorous  animals,  such  as  dogs,  J 
stricted  to  a  vegetable  diet,  their  urine  l^ecomes  pale,  turbid,  and  alkaline 
that  of  an  herbivorous  animal,  but  resumes  its  former  acidity  on  the 
au  auiinal  diet:  while  the  urine  voided  by  herbivorous  animals,  e.g., 
fed  for  some  time  exclusively  upon  animal  substances,  presents  the  acid 
tiou  aud   other  qualities  of  the  urine  of  Camivora,   its  ordinary 
beiug  restored  only  on   the  substitution  of  a  vegetable  for   the  animid 
Human  urine  is  not  usually  rendered  alkaline  by  vegetable  diet,  but  it 
BO  after  the  free  use  of  alkaline  medicines,  or  of  the  alkaline  salts  with 
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r  or  vegetable  acids ;  for  the^e  latter  are  changed  Inta  alkalioe  carbonates 
oua  to  elimination  by  the  kidneys. 


i^e  daily  quantity  of  the  chief  urinary  constituents  (modified  from  Parkes). 


Per  Kilo  of 

body  weight. 

^ater        .... 

15G0 

1  cc. 

or 

52i  oz. 

23.        grinfl. 

tolids— 

Urea 

33.180  grms 

i( 

512.4  grains, 

.      .5 

Kreatinin   . 

.910 

u 

u 

14.0 

•A 

.0140    « 

Uric  Acid 

.555 

w 

tl 

8.509 

a 

.0084    ** 

Hippuric  Acid    . 

Aim 

u 

" 

6.16 

u 

.0060    ** 

Pigment  and  Extrac- 

tives    . 

10. 

•* 

M 

154. 

44 

.1510    •* 

Sulphuric  Acid  . 

2.013 

u 

W 

30.98 

U 

.0480    ** 

Phosphoric  Acid    . 

3.1M 

u 

U 

48.80 

u 

.0305    ** 

Chlorine 

7.000 

u 

U 

107.8 

4* 

.1260    « 

Ammot^ia 

.770 

u 

u 

1L8 

** 

Poiassium  * 

2.500 

u 

u 

38.5 

i* 

Sodium 

ll.O&O 

u 

" 

170:78 

a 

C&lcium     .        .        . 

.260 

" 

u 

4. 

u 

Ma^esiuM    . 

.207 

u 

hi 

3. 

a 

rariaiio: 


73. 


Variations  in  the  QuanlUy  of  the  Constituents. — From  the  propor- 
I  given  in  the  above  table,  most  of  the  constituents  are,  even  in 
th,  liable  to  variations.  The  YuriationB  of  the  water  in  different 
»iii8,  and  according  to  the  €|uantity  of  drink  and  exercise,  have  al- 
jf  been  mentioned.  The  water  of  the  urine  is  also  liable  to  be  influ- 
d  by  the  condition  of  the  nervous  system,  being  sometimes  greatly 
Medj  €,g,,  in  hysteria  and  in  some  other  nervous  affections;  and  at 

i' times  diminiahed.  In  some  diseases  it  is  enormously  increased; 
ts  increase  may  be  either  attended  with  an  augmented  quantity  of 
matter,  as  in  ordinary  diabetes,  or  may  be  nearly  the  sole  change, 
\  the  affection  termed  diabetes  insipidus.  In  other  diseases,  e.g.f 
^ariouB  forms  of  albuminuria,  the  quantity  may  be  considerably 
ftiished.  A  febrile  condition  almost  always  diminishes  the  qnantity 
fcter;  and  a  like  diminution  la  caused  by  any  affection  which  draws 
large  quantity  of  fluid  from  the  body  through  any  other  channel 
I'  that  of  the  kidneys,  ejj>,  the  bowels  or  the  skin. 

Wod  of  Estimating  the  Solkh.^A  useful  rule  for  approximately  eetimating 
^lal  solids  in  any  given  specimen  of  healthy  urine  is  to  multiply  the  last 
Ipgures  representing  the  specific  gravity  by  2. 38.  Tluis,  in  urine  of  sp. 
Isi,  2.38  X  25  =  58,25  grains  of  solids,  are  contained  in  1000  grains  of  Ihe 
1^  In  using  this  method  it  must  be  remembered  that  the  limits  of  errors 
inch  wider  in  diseased  than  in  healthy  urine. 

fariations  in  the  Specijir  G  ra  v  if  p. -^The  average  specific  gravity  of 
himan  nrine  is  about  1020.  The  relative  quantity  of  water  and  of 
1  constituents  of  which  it  m  composed  is  materially  influenced  by 
lition  and  occupation  of  the  body  during  the  time  at  which  it  iB 
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■ecreted;  by  the  length  of  time  which  has  elapsed  since  the  last 

and  by  eeverul  other  accidental  circumstances.  The  existence  of 
cauaps  of  difference  in  the  composition  of  the  urine  has  led  to  theseerf' 
tion  being  described  under  the  three  heads  of  Vrina  sanguinis,  Uriu 
poius,  and  Urina  aW.  The  first  of  these  names  signifes  the  urine, or 
that  part  of  it  which  is  secreted  from  the  blood  at  times  in  vhici 
neither  food  nor  drink  has  been  recently  taken,  and  is  applied  especiillj 
to  the  urine  which  is  evacuated  in  the  morning  before  breakfast  Th 
term  tirina  jmius  indicates  the  urine  secreted  shortly  after  the 
duetion  of  any  considerable  quantity  of  fluid  into  the  body:  and 
urina  cibif  the  portions  secreted  during  the  period  immediately  m 
ing  a  meal  of  solid  food.  The  last  kind  contains  a  larger  quantity 
Bolid  matter  than  eitiier  of  the  others;  the  first  or  second,  being 
diluted  with  water,  possesses  a  comparatively  low  specific  grarity. 
these  three  kinds,  the  morning  urine  is  the  best  calculated  for  amlfi 
in  health,  sinco  it  represents  the  simple  secretion  unmixed  with 
elements  of  food  or  drink;  if  it  be  not  used,  the  whole  of  the  nrinl; 
passed  during  a  period  of  twenty-four  hours  should  be  taken. 
■pecific  gravity  of  the  urine  may  thus»  consistently  with  health, 
widely  on  both  sides  of  the  usual  average.  It  may  vary  from  1015 
the  winter  to  1025  in  the  summer;  but  variations  of  diet  and  eierciBC, 
many  other  circurastunces,  may  make  even  greater  differences  than  tbMi' 
In  disease,  the  variation  may  be  greater;  sometimes  descending Jnalbi"' 
minuriat  to  1004,  and  frequently  ascending  in  diabetes,  when  the 
is  loaded  with  sugar,  to  1050,  or  even  to  1060. 

Quant iiif. — The  total  quantity  of  urine  passed  in  tw*enty-fonr 
is  affected  by  numerous  circumstances.     On  taking  the  mean  of 
observations  by  several  experiments,  the  average  quantity  roided 
twenty *four  hours  by  healthy  male  adults  from  20  to  40  years  of  ij 
has  been  found  to  amount  to  about  5^;^  fluid  ounces  (IJ  to  2  htres) 

Abnormal  Constituents, — In  disease,  or  after  the  ingestion  of  speci 
foods,  various  abnormal  substances  occur  in  urine,  of  which  the  follfll 
ing  may  be  mentioned — i^erum- albumin,  Globulin^  Ferments  (appiJ 
eutly  present  in  boulth  also),  Proteoifes^  Bloody  Snr/fir^  BiU  acidi  fl« 
pif^ments^  Casts^  Fttis,  vftrions  Salts  taken  as  a  medicine,  MicrtH^ 
isms  of  various  kinds,  and  other  matters* 


The  Solids  of  the  Urine. 

Urea  (CH4K2O). — Urea  is  the  principal  solid  constituent  of 
urine,  forming  nearly  one-half  of  the  total  quantity.     It  is  also 
most  important  ingredient,  since  it  is  the  chief  substance  by  which ( 
nitrogen  which  is  derived  from  the  metabolic  changes  in  the  i 
well  as  that  which  is  derived  from  any  superfluous  food  is  exc 
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the  body.     For  its  removal,  the  Becretion  of  arine  Beems  especiallj 
ided,  though  urea  itself  ia  not  toxic. 

Vaptfr/t>*.— Urea,  like  the  other  solid  conBtituente  of  the  urine, 
a  state  of  Bolntion.     When  in  the  solid  Btate,  it  appears  in  the 


Fig.  aua.— Crystals  'jf  LTrea. 


I  of  delicate  silvery  acicnlar  cryatals,  which*  under  the  microscope, 
mr  as  four-sided  prisms  (fig.  302).  It  may  be  obtained  in  this  statt 
faporating  nrino  earefiilly  to  the  consistence  of  honey,  acting  on 
inspissated  mass  with  four  parts  of  alcohol,  then  evaporating  the 
bolic  solution  to  dryness,  and  purifying  the  residue  by  repeated 
lion  in  water  or  in  alcohol,  and  finally  allowing  it  to  crystallize.  It 
ily  combines  with  some  acids,  like  a  weak  base :  and  may  thus  bo 
^niently  procured  in  the  form  of  crystals  of  nitrate  or  oxalate  of 
I  (figs.  303  and  304)- 
Jrea  is  colorless  when  pure;  when  impure  it  may  be  yellow  or 


FIff.  308U*CT7vtAls  of  Urea  nitrate. 


Fiff.  aM.— CxTstali  of  Urea  oxalate. 


tx:  it  is  without  smell,  and  of  a  coaling  nitre-like  taste;  it  has 
er  an  acid  nor  an  alkaline  reaction,  and  deliquesces  in  a  moist  and 
atmosphere.  At  15''  C.  (59'"  F,)  it  requires  lor  its  solution  less 
its  own  weight  of  water;  it  is  dissolved  in  aD  proportions  by  boil- 
ater;  but  it  requires  five  times  its  weight  of  cold  alcohol  for  its 
on.     It  is  insoluble  in  ether.    At  120°  C.  (248*=  R)  it  melts  with- 
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out  undergoiiig  decomposition ;  at  a  still  higher  temperature  eball 
takes  place,  and  carbonate  of  ammonium  sublimes.  When  heated  wi4j 
water  in  a  sealed  tube  to  100^  C,  urea  splits  up  into  carbonic  acid  ani I 
ammonia;  when  heated  to  a  high  temperature  urea  loses  ammonia  indl 
first  yields  Muret^  CaHsNgOt*  which  gives  a  rose  color  with  caustic  potai] 
and  a  trace  of  copper  sulphate,  and  afterward  cyanuric  acid,  €%. 
which  gives  a  violet  color  with  caustic  potash  and  a  trace  of  copper | 
phate.  It  is  decomposed  by  sodium  hypochlorite  or  hypobromite  i 
nitrous  acid,  with  evolution  of  N.  It  forms  compounds  with  acid 
which  the  chief  are  urea  hydrochloride,  CHiXjO.HCL:  urea  nitn 
CHiNaOHNOa;  and  urea  phosphate,  CB^NiOJiaPO*.  It  forms < 
pounds  with  metals  such  as  HgO.CHiNjO;  with  silver  CHjNtOJ 
and  with  salts  such  as  HgClj  and  ligXO». 

Chemical   Nnfure. — Urea    is  isomeric  with   ammonium 
NHi,CNO,     It  was  first  of  all  artificially  prepared  from  that  subitj 


It  ifwtf  also  he  produced  artifidaUu  bff  treating  carbonyl  chloride  (00  ( 
wiU\  ammojiia:  or  b^ heating  ethyl  carbonate  with  ammofiia  CO  q^h*  H-*  NHif 

CX>N,H4  2C,H»0;    by   hmting   ammmiium  carbonate  OO  qMI  =*^W 

H,0  ;  %  adding  water  to  cyanamide  CN.  NH»,  or   by  e&aporating 
cyanate  in  aqueous  solution. 

It  is  usually  considered  to  be  a  diamide  of  carbonic  acid,  in  oJkj 
words,  carbonic  acid,  CO  (OH) '2,  with  two  of  hydroxyl,  {OH)'j»  repla 
by  two  of  amidogen  {XHa)'2.     It  may  also  be  written  as  if  it  w«i 
monamide  of  carbamic  acid  (COOHNH:^),  thus  OONHj.NHa;  on 
amidogen,  NII2,  in  the  latter  replacing  one  of  hydroxyl  in  the  fo3 
Decomposition  of  the  urea  with  development  of  ammonium  carb 
takes  place  from  the  action  of  the  bacteria  (micrococcus  ure«)i 
urine  is  kept  for  some  days  after  being  voided,  and  explains  the  t 
niacal  odor  then  evolved*     The  urea  is  sometimes  decomposed  bell 
leaves  the  bladder,  when  the  mucous  membrtine  is  diseased,  and  ^ 
mucus  secreted  by  it  is  abundant;  but  dec?  om  posit  ion  does  not  often  ( 
unlesa  atmospheric  germs  have  had  access  to  the  urine. 

Variations  in  the  Quant  it  tj  excreted, — The  quantity  of  ureaeici 
is,  like  that  of  the  urine  itself,  subject  to  considerable  variatioiL 
a  healthy  adult  about  512*4  grains  (about  33.18  grms.)  per  diem  may! 
taken  as  rather  a  high  average.     Its  percentage  in  healthy  urine  i«  i 
1.5  to  3.5.     Its  amount  is  materially  influenced  by  diet,  being 
when  animal  food  is  exclusively  used,  less  when  the  diet  is  mixed, i 
least  of  all  with  a  vegetable  diet     As  a  rule,  men  excrete  a  larger  < 
tity  than  women^  and  persona  in  the  middle  periods  of  life  a  la 
quantity  than  infants  or  old  people*     The  quantity  of  urea  excreteui 


ren,  relatively  to  their  body-weight,  is  much  greater  than  by  adults; 

8  the  quautity  of  urea  excreted  per  kilogram  of  weight  was  found  to 

in  ft  child,  0.8  grra,;  in  an  adult  only  0.4  grm.     Regarded  in  thia 

',  too,  the  excretion  of  carbonic  acid  givee  similar  results,  the  pro- 

tions  iu  the  child  and  adult  being  as  83 :  34* 

The  quantity  of  urea  does  not  necessarily  increase  and  decrease  with 
it  of  the  urine,  though  on  the  whole  it  would  seem  that  whenever  the 
Unnt  of  urine  is  much  augmented,  the  quantity  of  urea  also  is  usually 
reaped;  and  it  appears  that  the  q«iantity  of  urea,  as  of  urine,  may  he 
ecially  increased  by  drinking  large  quantities  of  water.  In  various 
lases  the  quantity  is  reduced  considerahly  below  the  healthy  stan- 
d,  while  in  other  affections  it  is  above  it. 

Qtiantitath^  Eatlmatioti. — There  are  two  chief  methods  of  estimating  the 
Dunt  of  urea  in  the  urine.  (1.)  By  decomposing  it  by  meanM  of  an  alkaline 
Ition  of  sodium  hyjwbromite,  or  hy|)ochlorite,  and  calculating  the  amount 

measured  quantity,  by  collecting  and  measuring  the  amount  of  nitrogen 
i^ed  under  such  circumstances.  Urea  contains  nearly  half  its  weight  of 
^Dgen,  hence  the  amount  of  the  gas  collected  may  he  taken  as  a  measure  of 

urea  decomp<Tsed,  remembering  that  1  litre  of  nitrogen  at  the  standard 
iperature  and  pressure  weighs  14  X  .(>8^36.  or  1.251  grms.  The  i>ercentage 
biea  c&M  thus  be  readily  calculated  from  the  volume  of  nitrogen  evolved 
En  a  measured  quantity  of  the  urine,  but  this  caiculation  is  avoided  by 
duating  the  tube  in  which  tlie  nitrogen  is  collected  with  numt>ers  which 
lcat«»  the  corresponding  percentage  of  urea.  The  reaction  is  CON3Hi  + 
tBiO  +  2NaH0  =  SNaBr  +  SHaO  +  Na,COi  +  Nj.  (2. )  By  precipitating  the 
by  adding  to  a  given  amount  of  urine,  freed  from  sulphat**s  and  phos- 
a  standard  solution  of  mercuric  nitrate  from  a  burette,  until  the  whole 
It  has  been  thrown  down  in  an  insoluble  form  ;  then  reading  off  tlie  exact 
ktmt  of  the  mercuric  nitrate  solution,  which  it  was  necessary  to  use.  As 
amount  of  urea  which  each  cubic  centimetre  of  the  standard  solution  will 

ipitate  is  previously  known,  it  is  easy  to  calculate  the  amount  in  the  sam- 

af  urine  taken*  The  precipitate  which  is  formed  was  generally  said  to  be 
tpoeed  of  mercuric  oxide  and  urea.     Some,  however,  now  consider  that  it 

mixture  of  mercuric  nitrate  itself  and  urea. 


Uric  Acid  (C5H4N^403).— Uric  or  lithic  acid  is  rarely  absent  from 
itniie  of  man  or  aRiraals,  though  in  the  feline  tribe  it  seems  to  be 
letimes  entirely  replaced  by  urea. 
t^roperiies, — Uric  acid  when  pure  is  colorless,  but  when  deposited 

the  urine  is  yellowish-brown.  It  crystallizes  in  various  forms,  of 
&h  the  most  common  are  smooth  transparent,  rhomboid  plates, 
Uond-shaped  plates,  hexagonal  tables^  etc,  (fig*  305).  It  is  odoriess 
tiisteless.     It  is  very  slit^htly  soluble  in  cold  water,  and  a  little  more 

hot  water»  quite  insoluble  in  alcohol  and  ether.     It  dissolves  freely 
klation  of  the  alkaline  carbonates  and  other  salta^ 
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The  proportionate  quantity  of  urio  acid  Tariea  considerablf  in  differad  I 
anitnals.  In  iimn,  and  Mamiimlia  generally^  especially  the  HerbiTon,  it  ii 
comt>aratively  srnall.  In  tJie  whole  tribe  of  birds,  and  of  serpents,  on  theotte  i 
hand,  the  qoautity  m  very  large,  greatly  exceeding  that  of  the  met.  In  III  j 
urine  of  granivorous  birds,  indeed,  urea  is  rarely  if  ever  found,  its  plicebeiq|| 
entirely  supplied  by  uric  acid. 

Variations  in  Quantifif. — The  quantity  of  uric  acid,  like  that  rf 
urea,  in  human  urine,  is  inereasDd  by  the  use  of  animal  food,  and d^ 
creased  by  the  use  of  food  free  from  nitrogen,  or  by  an  exclusiTely  t^  \ 
table  diet  In  most  febrile  diseaaee,  and  in  plethora,  it  is  forme 
unnaturally  large  qniintities;  and  in  gout  it  is  deposited  in  andi 
joints,  in  the  form  of  unite  of  soda,  of  which  the  so-called  chalk-i 
of  this  disease  are  principally  composed*  The  average  amount  &ecretd 
in  twenty-four  hours  is  about  one-third  of  a  gmmme.  I 

Condition  in  the  Urine.— Tlw  condition  in  which  uric  add  eii&tih 
solution  in  the  urine  has  formed  the  subject  of  some  diecussioB.   Tb 
uric  acid  exists  as  nmte  of  soda,  produced  by  the  uric  acid  as  soon  at  it 
is  formed  combining  with  part  of  the  base  of  the  alkaline  sodmrnptoi-] 
pbate  of  the  blood,     Hippuric  acid,  which  exists  in  human  uriDeibOrl 
acts  upon  the  alkaline  phosphate  in  the  same  way,  and  increases  still  | 
more  the  quantity  of  acid  phosphate,  on  the  presence  of  which  it  »j 
prol>able  that  a  part  of  the  natural  acidity  of  the  urine  depends  V^^l 
scarcely  possible  to  say  whether  the  onion  of  uric  acid  with  thehwil 
sodium  and  ammonium  takes  place  in  the  blood,  or  in  the  act  of  eecrt-j 
tion  in  the  kidney:  the  latter  is  more  likelv;  but  the  quantity  of  eitl 
uric  acid  or  urates  in  the  blood  is  probably  too  small  to  allow  of  1 
question  being  solved. 

Owing  to  its  existence  in  combination  in  healthy  urine,  uric  acidl 
examination  must  generally  be  precipitated  from  its  basee  by  astroDj 
acid,  f.^,,  hydrochloric  or  nitric*     When  excreted  in  ejccess,  howerfl 
is  deposited  in  a  crystalline  form  (fig.  305),  mixed  with  large  qo 
ties  of  ammonium  or  sodium  urate.     In  such  cases  it  may  be 
for  microscopic  examination  by  gently  warming  the  portion  of ' 
containing  the  sediment;  this  dissolves  urate  of  ammonium  and  i 
while  the  comparatively  insoluble  crystals  of  uric  acid  subside  lol 
bottom. 

The  most  common  form  in  which  uric  acid  is  deposited  in  nrine,! 
that  of  a  brownish  or  yellowish  powdery  substance,  consisting  of  j 
ules  of  ammonium  or  sodium  urate.     When  deposited  in  crystals, ii^ 
most  frequently  in  rhombic  or  dinmond-sha])ed  laminse,  but  other  foi 
are  not  uncommon  (%.  305).       When  deposited  from  urine,  the( 
are  generally  more  or  less  deeply  colored,  from  being  combinedi 
the  coloring  principles  of  tlie  urine. 

Testa. — There  are  two  chief  tests  for  uric  acid  besides  themic 


ridence  of  ita  crystalline  etnicture:  (1)  The  Murexide  test, 
consists  of  evaporating  to  dryness  a  mixture  of  strong  nitric  acid 
ic  acid  in  a  water  bath.  This  leaves  a  yellowish-red  residue  of 
n  (CiHsNaOi)  and  nreajand  on  addition  of  ummoninm  hydrate,  a 
Jul  purple  color  {ammonium  purpurate,  CsH4(NH|)K506),  deep- 
en addition  of  caustic  potash,  takes  place.  (2)  tSchiff".^  test  con- 
:  dissolving  the  uric  acid  in  sodium  carbonate  solution,  and  of 
ng  some  of  it  on  a  filter  paper  moistened  with  silver  nitrate.  A 
ipot  appears,  which  corresponds  to  the  reduction  of  silver  by  the 

5id. 

ppuric  Add  (C^H^NOs)  has  long  been  known  to  exist  in  the 
)f  herbivorous  animals  in  combination  with  soda.     It  also  exists 


L— YarlouB  tormE  of  uric  add  cryetM^ 


Fig.  306.— Ciyst&la  of  Jilppuric  acl(L 


lly  in  the  urine  of  man,  in  a  quantity  equal  or  rather  exceeding 
'  the  uric  acid. 

&  quantity  of  hippuric  acid  excreted  is  increased  by  a  vegetable 
It  appears  to  be  formed  in  the  body  from  benzoic  acid  or  from 
llied  substance.  The  benzoic  acid  unites  with  glycin,  probably 
kidneys,  and  hippuric  acid  and  water  are  formed  thus,  CtHcOu 
.ic  acid)  -f  CaHsNOa  (Glycin)  -  CJIbKO^  (Hippuric  aeid)  +  H^O 
|,  It  may  be  decomposed  by  acids  into  benzoic  acid  and  glycin, 
}pertus, — It  is  a  colorless  and  odorless  substance  of  bitter  taste, 
lizes  in  semi-transparent  rhombic  prisms  {fig.  306),     It  is  more 

in  cold  water  than  uric  acid,  and  much  more  soluble  in  hot 

It  is  soluble  in  alcohol. 
iments, — ^The  pigments  of  the  urine  are  the  following: — L  Ura^ 
,  a  yellow  coloring  matter,  giving  no  absorption  baud;  of  which 
tie  is  known.  Urine  owes  its  yellow  color  mainly  to  the  pres- 
this  body,  2*  UrohiUny  an  orange  pigment,  of  which  traces  may 
d  in  nearly  all  urines,  and  which  is  especially  abundant  iu  the 
>HSded  by  febrile  patients.  It  is  characterized  by  a  well- marked 
scopic  absorption  band  at  the  junction  of  green  and  blue,  best 


in 
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Been  in  acid  solutioBs;  and  by  giving  a  green  fluorescence  wheEexcw 
of  ammonia  with  a  little  chloride  of  zinc  ia  added  to  it*  TbcTecj 
vexed  i|ue8tioii  of  the  relation  of  the  pigments  of  urine  to  bile  pigmenti 
turns  largely  upon  the  spectroscopic  appearances  of  urobilin;  fo^ollIlg^ 
colored  solutions  having  the  same  absorption  band  as  nrobiliEinttjbe 
prepared  from  bilt*  pigments  iu  two  dillerent  ways — i,  by  reduction  with 
sodium  unmlgnm^IIt/drobilirNbin  (Maly);  ii,  by  oxidation  with  ailric 
acid — ChoMelin  (Jaffe),  and  both  these  bile  derivatives  give  a  flttoni- 
oence  with  ammonia  and  a  droj»  of  eliloride  of  zinc.  It  is  not  satiafic* 
torily  settled  whii-h  of  these,  if  either,  is  the  same  as  urobilin  of  umw, 
It  is  worth  noting  that  choletelin  may  be  oxidized  a  stage  further;  it 
then  loses  its  absorption  band,  remaining  however  of  a  yellow  color,  ft 
is  very  possible  that  the  urochrome  of  normal  urine  may  be  thw  oi 
dized  choletelin,  and  that  the  presence  of  the  absorption  band  of  urobflm 
ifk  urines  may  mean  that  some  of  the  pigment  is  in  the  stage  of  cholete* 
lin;  <>.,  that  its  oxidation  is  not  quite  completed. 

Those  who  believe  urobilin  to  be  identical  with  hydrobilirubin  lap- 
pose  that  the  bilirubin  is  reduced  by  the  putrefactive  processes  intltt, 
intestines,  and  is  conveyed  in  its  reduced  form  by  the  blood  stream  ttj 
the  kidneys, 

3.  Vru-erythrin  is  the  pigment  %vhich  is  found  in  the  pink 
of  urates  which  are  sometimes  seen  in  urines;  it  communicates  a 
red-orange  color  to  urine  when  in  solution,  and  its  solutions  hart 
broad  faint  absorption  bands  io  the  green. 

4.  Urojnelanin,     When  urine  is  boiled  with  strong  acids  it  darki 
to  a  reddish- brown  color.     This  change,  once   ascribed   to  the  foi 
tion  of  a  new  pigment  uromelanin,  is  now  believed  to  be  due  to 
presence  in  urine  of  pyrocatechin  and  allied  bodies  which  are 
of  taking  up  oxygen  when  boiled  with  acids,  yielding  COi  and 
or  black  residual  products. 

5.  Indiffo  is  rarely  found  in  urines,  to  which  it  may  comni 
blue  or  green  color.     Urine  frequently  contains  a  compound  i^m^'* 
either  a  glueoside,  Indlcun;  or  more  probably  a  salt  of  indoxybsttlpki 
acid.     It  yields  indigo  blue  when  treated  with  strong  hydrochloric 
and  left  to  stand  for  some  hours  exposed  to  the  air;  the  indigo  m»J 
separated  by   treatment  with  boiling  chloroform,  which  takes  it 
forming  a  blue  solution. 

There  is  a  similar  compound  of  skatol  and  sulphuric  acid  wbich 
sometimes  recognized  in  the  urine,  by  the  production  of  a  red  cd 
when  nitric  acid  is  added  to  it. 

Many  medicinal  substances  color  the  urine,  for  instance  KidI*' 
Santonin,  Senna,  Fuclisine,  Carbolic  Acid. 

Bromides  and  Iodides  yield  Broraiae  or  Iodine,  when  nitric  acid 
added  to  the  urine  of  patients  taking  these  drugs.     In  the  case  of  io^ 
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ke  liberated  iodiBe  communicates  a  strong  mahogany  color  to  the  urine 

pis  treated, 

Mucus*-^Mncus  in  the  urine  consists  principally  of  the  epithelial 

iris  from  the  mucous  surface  of  the  urinary  passages.     Particles  of 

helium,  in  greater  or  less  abundance,  may  be  detected  in  most  sam- 

of  urine,  especially  if  it  has  remained  at  rest  for  some  time^  and  the 

strata  are  then  examined  (fig.  307).     As  urine  cools^  the  mucus  is 

etimes  seen  suspended  in  it  as  a  delicate  opaque  cloud,  but  generally 

lis.     In  intiamniatory  affL^etioiis  of  the  urinary  passages,  especially 

^he  bkdder,  mucus  in  large  quantities  is  poured  forth,  and  speedily 

lergoes  decomposition.     The  presence  of  the  decomposing   mucus 

Btes  chemical  changes  in  the  urea,  whereby  carl>onate  of  ammonium 

rmed,  which*  combining  with  the  excess  of  acid  in  the  superphos- 

►tes  in  the  urine,  produces  insoluble  neutral  or  alkaline  phosphates 

cium  and  magnesium,  and  plio^^phate  of  ammonium  and  magne- 

These,  mixing  with  the  mucus,  constitute  the  peculiar  white, 

Eid,  mortar-like  substance  which  collects  upon  the  mucous  surface  of 
bladder,  and  is  often  passed  with  the  urine,  forming  a  thick  tena- 
.8  sediment. 

Extractives. — In  addition  to  those  already  considered,  urine  con- 
is  a  considerable  number  of   nitrogenous   compounds*     These   are 
lallj  described  under  the  generic  name  of  Exfratiives.     Of  these,  the 
cf  axe:    (1)  Kreuiimn  (C.H,N,0)5  a  substance  derived   almost  en- 
ily  from    muscle    taken   as   food,   crystallizing    in   colorless  oblique 
imbic  prisms;  a  fairly  definite  amount  of  this  substance,  about  15 
jba  (1  grm.),  appears  in  the  urine  daily,  so  that  it  must  be  looked 
m  as  a  normal  constituent;   it  is  increased   by  increasing  the  ni- 
kenous  constituents  of  the  food;    (2)    Xanthin    (0^X^11,0,),   when 
pted^  is  an  amorphous  powder  j^ohible  in  hot  water;   (3)   Sarkin,  or 
^mnthin    (O^N^H^O);    (4)    Oxaluric   acid   (C,H,N,OJ,    in  combi- 
ion  with  ammonium  in  the  urine  of  the  new-born  child ;  (5)  AUffnioin 
ItX40g).     All  these  extractives  arc  chiefly  interesting  as  being  closely 
Deoted  with  urea,  and  mostly  yielding  that  substance  on  oxidation. 
cin  and  tyrosin  can  scarcely  be  looked  upon  as  normal  constituents 
rine. 

Saline  Matter, — (a)  The  Stdphuric  acid  in  the  urine  is  combined 
fly  or  entirely  with  sodium  or  potassium;  forming  salts  which  are 
n  in  very  small  quantity  with  the  food,  and  arc  scarcely  found  in 
r  fluids  or  tissues  of  the  body;  for  the  sulphates  commonly  enumer- 
among  the  constituents  of  the  ashes  of  the  tissues  and  fluids  are 
ie  most  part,  or  entirely,  produced  by  the  changes  that  take  place 
le  burning.  Only  about  one-third  of  the  sulphuric  acid  found  in 
prine  is  derived  directly  from  the  food  <Parkes).  Hence  the 
pf   the  fiulphuric  acid  which  the  sulphates  in  the  urine  contain 


greater  ^M 

ontain,  ^M 
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tnugt   be   formed   during   the   metabolism   of   BitrogenoDS  foods;  tne 
sulphur  of  which  the  acid  is  formed  being  probably  deriyed  from  ^ 
decomposing  nitrogenous  tissues^  the  other  elements  of  which  are  ifr 
solved  into  urea  and  uric  acid.     It  may  be  in  part  derived  also  fromtbi 
Bulphur-holding  iaurin  and  cifstin,  which  can  be  found  in  the  liTfr, 
lungSj  and  other  parts  of  the  body,  but  not  generally  in  the  excretiom;  1 
and  which,  therefore,  must  be  broken   up.    The  oxygen  is  supplid  | 
through  the  lungs,  and  the  heat  generated  during  combination  withtkl 
sulphur  ia  one  of  the  subordinate  means  by  which  the  animal  teropeiv| 
ture  is  maintained. 

Besides  the  sulphur  in  these  salts,  some  also  appears  to  be  iatbJ 
urine  uneombined  with  oxygen ;  for  after  all  the  sulphates  ha?e  beal 
removed  from  urine,  sulphuric  acid  may  be  formed  by  drying  andbunj-j 


Fig.  30T. 


Flc.80a 


FJ|f.  diiT.— MucuadepogJiedl  from  urine. 

Fig.  3Ub.— Urjiuiry  sedlmetit  of  triple  pbosrluic««  ^larg^  Iprismatle  crfwtmM)  i 
tiiimjp  trcnu  uriue  whiek  had  uDdergone  alkaiint*  fermcrnta.ttoD. 


ing  it  with  nitre.     From  three  to  five  grains  of  sulphur  are  tboe  i 
excreted.     The  combination  in  which  it  exists  is  uncertain:  possib^fl 
is  in  some  compound  analogous  to  cystin  or  cystic  oxide,    Salpir 
acid  also  exists   normally  in  the   urine   in  combination  with  ph 
(CrHbO)   as  phenol*sulphuric  acid  or    its    corresponding  salts, 
sodium,  etc. 

(h)  The  phosphoric  acid  in  the  urine  is  combined  partly  with ' 
alkalies,  partly  with  the  alkaline  earths — about  four  or  fire  timet  J 
much  with  the  former  as  with  the  latter.     In  blood,  saliva,  and 
alkaline  fluids  of  the  body,  phosphates  exist  in  the  form  of 
neutral,  or  acid  salts.     In  the  urine  they  are  acid  salts,  vix,,  ihe  i 
ammonium,  calcium,  and  magnesium   phosphates,  the  excess  of 
being  (Liebig)  due  to  the  appropriation  of  the  alkali  with  which  1 
phosphoric  acid  in  the  blood  is  combined,  by  the  several  new 
which  are  formed  or  discharged  at  the  kidneys,  namely,  the  iiric,! 
puric,  and  sulphuric  acidsi  all  of  which  are  neutralized  wiLh  soda. 
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pbates  are  taken  largely  in  both  vegetable  and  animal  food; 
ken  are  excreted  at  oncej  othera,  after  being  transformed 
ated  with  the  tissues*  Calcium  phosphate  forma  the  pria- 
confititnent  of  bone,  and  from  the  decomposition  of  the 
e  the  urine  derives  a  large  quantity  of  this  Bait,  The  de- 
of  other  tissues  also,  but  especially  of  the  brain  and  nerve- 
irnishefl  large  supplies  of  phosphoruB  to  the  urine,  which 
6  iupposed,  like  the  sulphur,  to  be  united  with  oxygen,  and 
ed  with  bases.  The  quantity  is,  however,  liable  to  consid- 
ion.  Any  undue  exercise  of  the  brain  and  all  circumstances 
ervous  exhaustion  increase  it.  The  earthy  phosphates  are 
mt  after  meals,  whether  of  animal  or  vegetable  food,  and 
ed  after  long  fasting.    The  alkaline  phosphates  are   in- 


^.—CrjWLmiMQi  Cystic. 


Fig-  aiO^-Crystois  of  Caldum  OxflUte, 


f  animal  food,  diminished  after  vegetable  food.  Exercise 
3  alkaline,  but  not  the  earthy  phosphates.  Phosphorus 
with  oxygen  appears,  like  sulphur,  to  be  excreted  in  the 
n  the  urine  undergoes  alkaline  fermentation  phosphates  are 
,  the  form  of  a  Hrinan/  sedimeniy  consisting  chiefly  of 
gnesium  phosphates  (triple  phosphate)  (fig*  308)-  The 
oes  not,  as  such,  exist  in  healtby  urine.  The  ammonia  is 
iolly  derived  from  the  decomposition  of  urea, 
Chhrine  of  the  urine  occurs  chiefly  in  combination  with 
i  to  urea,  sodium  chloride  is  the  most  abundant  solid  con- 
he  urine),  but  slightly  also  with  ammonium,  and,  perhaps, 
Aa  the  chlorides  exist  largely  in  food,  and  in  most  of  the 
i,  their  occurrence  in  the  urine  is  easily  understood, 
lal  Constituents.— ftf^/m  (C3H7N  SO2)  (fig.  a09)  is  an 
mstituent  of  urine*  It  resembles  taurin  in  containing  a 
y  of  Bulpbur—more  than  25  per  cent.    It  does  not  exist  in 

common  morbid  constituent  of  the  urine  is  Oxalic  (xad. 


49G  HANDBOOK   OF   PHYSIOLOOT. 


I 


which  is  frequently  deposited  in  combination  with  calcium  (fig.  310) « 
a  urinary  sediment.  Like  cystin,  but  much  more  commonly,  it  iitli 
chief  constituent  of  certain  calculi. 

Of  the  other  abnormal  constituents  of  the  urine  which  irere  ion 
tioned  on  p.  480,  it  will  be  unnecessary  to  speak  at  length  in  this  worL 

Gases. — A  small  quantity  of  gas  is  naturally  present  in  thenrineii 
a  state  of  solution.  It  consists  of  carbonic  acid  (chiefly)  and  nitiopi 
and  a  small  quantity  of  oxygen. 

The  Method  of  the  Excretion  of  Urine. 

The  excretion  of  the  urine  by  the  kidney  is  believed  to  consiitil 
two  more  or  less  distinct  processes — viz.,  (1)  of  FiUraiion,h\  ir)!iA 
the  water  and  the  read}'- formed  salts  are  eliminated;  and  (i)ofTm 
Secretion,  by  which  certain  substances  forming  the  chief  and  more 
portant  part  of  the  urinary  solids  are  removed  from  the  blood.  TUi 
division  of  function  corresponds  more  or  less  to  the  division  in  tb 
functions  of  other  glands  of  which  we  have  already  treated.  It  will  li 
as  well  to  consider  them  sepanitely. 

Filtration.— This  part  of  the  renal  function  is  performed  witWi 
the  Malpighian  corpuscles  by  the  renal  glomeruli.  By  it  not  only  the  vita 
is  strained  ulT,  but  also  certain  other  constituents  of  the  uriue.  ff 
sodium  chloride,  are  separated.  The  amount  of  the  fluid  filtered  ofld* 
pemls  ii])()ii  the  blood-pressure  in  tlie  glomeruli  and  the  speed  of  bl'nJ 

11.  )W. 

Tilt*  gifatiT  tlie  blood-pressure  in  the  arterial  system  gent* rallv, am 
<'onst'(iiJt'ntly  in   the  renal  arteries,  the  greater,  cater  is  par  ibus,  vu*^ 
the  bl(»o(l-prt'ssure    in    the  glomeruli,  and  the  greater  the  quantitr 
i.rino  separated;  i)ut  even  without  increase  of  the  general  blood-pi* 
nre,   if  the  ronal   arteries  be  locally  dilated,  the  speed  of  flow  in 
^^lonifruli  will  hv  inc^reasfd  and  with  it  the  secretion  of  uriue.    AIM 
cause.s,  therefore,  whioh  increase  the  general  blood-pressure  will 
arily  increase  the  sccri'tion  of  urine.     Of  these — 

(1)  The  heart's  action  is  among  the  most  important.  When 
cardiac  contractions  are  increased  in  force  or  frequency,  inci 
diuresis  is  the  rrsult. 

(2)  Since  the  connection  between  the  general  blood-pressure  and i 
nervous  system  is  so  close  it  will  be  evident  that  the  amount  of  ui 
secreted  depends  greatly  upon  the  influence  of  the  latter.  ThismiT 
demonstrated  ex]ierimentally.  Tlius,  division  of  the  spinal  cord, 
producing  general  vascular  dilatation,  causes  a  great  diminution  of  blfll 
pressure,  and  so  diminishes  the  amount  of  water  passed;  since  theh 
dilatation  in  the  renal  arteries  is  not  sufficient  to  counteract  the  gflU 
diminution  of  pressure.     Stimulation  of  the  cut  cord  produces,  sti 


h,  the  same  results — i.e.y  a  diminution  in  the  amount  of  the  urine 
I,  bat  in  a  different  way,  viz.,  by  constricting  the  arteries  generally, 
mong  otherB^  the  renal  arteries;  the  diminution  of  blood-pressure 
ing  from  the  local  resistance  in  the  renal  arteries  being  more 
;  to  diminieh  blood-pressure  in  the  glomeruli  than  the  general 
fl©  of  blood^pressure  is  to  increase  it.  Section  of  the  renal  nerves 
produces  local  dilatation  without  greatly  diminishing  the  general 
pressure  will  cause  an  increase  in  the  quantity  of  fluid  passed. 
Tbe  fact  that  in  summer  or  in  hot  weather  the  urine  is  dimin- 
may  be  attributed  partly  to  the  copious  elimination  of  water  by 
in  in  the  form  of  sweat  which  occurs  in  summer,  as  contrasted 
he  greatly  diminished  functional  activity  of  the  skin  in  winter. 


Sll.— EHagram  of  Eoy*a  Oncometer,  a,  represent*  the  kidney  IncloBed  in  a  metal  box, 
mom  by  binge/;  b,  the  remd  ve«sels  and  duct.  Biirroundin^  tbe  kiduev  are  two  cbamben 
If  membnaes,  the  *n}gi»  of  which  an*  linuly  flied  by  beinif  clamped  between  tbe  oui«ide 
(mile,  and  one  inot  represent€Nd  let  Um  tijfurei  inside,  the  two  belnir  flnnly  fiel^ewt^d  t^iigvther 
a  al.  Jk,  and  beiow.  The  niif'mbninijujai  ehnnitier  below  is  lilled  wltba  iraryinf?  amount  of 
,,  according  to  tbe  jilze  of  liie  kidney  exjj«?riment«<i  with,  through  the  opening  then  closed 
plu^  L  After  tbe  IddaejhAa  bvfvu  incloMMl  In  die  cai>«tuJ«t,  the  membraDo<k8  c^tamber  iibwa 
rttb  warm  oil  through  the  tub«  «,  which  b  then  closed  by  a  tap  (not  reppetiented  lii  the 
»;  tbe  tube  d  eommunicatt^s  with  a  rec^>rdiag  apparatus,  and  any  altera tioo  in  i\m  volume 
kuBf  ii  oommunJeat^d  by  the  oil  in  the  tube  to  tlio  cbamber  d  uf  the  Onuograph.  flg.  BI2« 


I 


see  that  in  regard  to  the  elimination  of  water  from  the  system, 
in  and  kidneys  perform  aimilar  fiinctionSj  and  are  capahle  to  some 
of  acting  vicariously,  one  for  the  other.     Their  relative  activities 
!y  proportional  to  each  other* 


nrser 


intimate  connection  which  exists  between  the  volume  of  the  kidnej 
B  TariatioBB  of  bltwcKi- pressure  is  exceedingly  well  Hhowu  with  the 
Etcr,  introduced  by  Roy,  which  is  a  modification  of  the  plethyamo- 
Sg.  811,  By  means  of  this  apimratus  any  alteration  in  the  volume  of 
aej  16  communicated  to  an  apparatus  [oncograph]^  capable  of  recording 
tJlj,  with  a  writing  lever,  such  variations. 
32 
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It  has  been  fooDd  that  the  kidney  h  extremely  sensitife  t^- 

alteration  in  the  genenil  blood-pressure,  every  fall  in  the  genenil 
preBiure  being  accompanied  by  a  decrease  in  the  Tolume  of  the  kitli^cr;  | 
and  every  rise,  unless  produced  by  considerable  constrictiotj  of  tk 
peripheral  vessels^  including  those  of  the  kidney^  being  accompanied  Irf 
a  corresponding  increase  of  volume.  Increase  of  volume  is  foUoiii 
by  an  increase  in  the  amount  of  urine  secreted,  and  decrease  of  TolDflu 
by  a  decrease  in  the  secretion.  In  addition,  however,  to  the  responieol 
the  kidney  to  alterations  in  the  general  blood-preisur^  it  has  ben 
further  observed  that  certain  substances^  when  injected  into  the  blood, 
will  dso  produce  an  increase  in  volume  of  the  kidney,  and  conBeqneflt 
increased  f  ow  of  urine,  without  affecting  the  general  blood-p^essQr^' 


JV*  813.*-Roj'b  Oncoj^raph.  or  ftp)>amtuH  for  r«^'onllti{Br  altf^rutkoos  In  tht  wtAxoBit  of  tibpk 
•lO,^  •»  flhown  bj  tlio  oDeomel<^r--a,  yprif^ht,  iupportlnar  m-ordinK  lever  /,  whidi  !■  rmJeedor" 
bf  neecUe  i>,  whicli  workB  tlirotixh  /«  And  irhicti  la  Attacbed  to  the  piiitoii ««  wortdus  in  C^  <^ 
if,  iritli  wbJcb  tJie  tube  from  the  oncocneter  ootumimicnUss.  The  oU  Is  prevented  from  bniiif  fl 
out  MM  the  piatoD  il«tc«adA  by  *  membrui&  wblcli  fa  damped  between  tbe  rins-iibaiwd  \  " 
^ll&der  bj  the  icrew  i  worklnir  upward;  the  tube  ^i  la  for  flIUag  the  i&ainimeiiL 


such  bodies  as  sodium  acetate  and  other  diuretics.  Theae  obser 
appear  to  prove  that  local  dilatation  of  the  renal  vessels  may  be  prodtt 
by  alterations  in  the  blood  acting  upon  a  local  nervous  mechaaism.iit 
happens  when  all  of  the  renal  nerves  have  been  divided.  The  alti 
tions  are  not  only  produced  by  the  addition  of  drugs,  but  also  bvihel 
troduction  of  comparatively  small  quantities  of  water  or  saline  golutioaj 
To  this  alteration  of  the  blood  acting  upon  the  renal  vessels  (eitl 
directly  or)  through  a  local  vaso-motor  mechanism,  and  not  to  any  | 
alteration  in  the  general  blood^pressure,  must  we  attribute  the  effects t 
meals,  etc.,  observed  by  Roberts.  The  renal  excretion  is  increased  i 
meals  and  diminished  during  fasting  and  sleep.  The  increase 
within  the  first  hour  after  breakfast,  and  continues  during  the  soo 
Ing  two  or  three  hours;  then  a  diminution  sets  in,  and  continueaM' 
an  hour  or  two  after  dinner,     The  effect  of  dinner  does  not  appear  oB 
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^  tnree  hours  after  the  meal;  and  it  reaches  its  maiimum  about 
^Urth  hour.  From  this  period  the  excretion  steiidily  decreases 
o«d4ime.  During  sleep  it  sinks  still  lower,  and  reaches  its  mini- 
^^^heing  not  more  than  one- third  of  the  quantity  excreted  during 
^o\xn  of  digestion^  The  increaied  amount  of  urine  passed  after 
Kitig  large  quantities  of  fluid  depends  upon  the  temporary  increase 
■ood-presBure  thus  caused. 

he  following  table  *  will  help  to  explain  the  dependence  of  the 
Hon  function  upon  the  blood-pressure  and  the  nervous  system : — 

IE  OF  THE  RELATION  OF  THE  SECRETION  OP  UbINE  TO  ARTERIAL  PRESSURE. 

Secretion  of  urine  may  be  increased — 

a.  B^  increasing  the  genenil  bhod-presmire:  by 

1.  Increase  of  the  force  or  frequency  of  heaj-t-beal 

3.  Constriction  of  the  small  arteries  of  areas  other  than  that  of  the 
kidney. 
6.  Bff  iticreasing  the  looai  blood-pressure,   by   rdiuxntion  of  the  rencU 
artery^  without  compenmiting  r€l(uratton  elsewhere  ;  by 

1.  Division  of  the  renal  nerves  (causing  |Xjlyuria). 
K   3.  Division  of  the  renal  nerve-s  and  stimulation  of  the  cord,  below 
■  the  medulla  (causing  greater  polyuria). 

3.  Division  of  the  splanchnic  nerves ;   but  the  polyuria  produced  is 

tless  than   in  1  or  2,  as  these  nerves  are  distributed  to  a  wider 
area,  and  the  dilatation  of  the  renal  artery  is  aceompamed  by 
dilatation  of  otlier  vesseln,  and  therefore  with  a  somewhat  di- 
minished general  blood  supply. 
4.  Puncture  of  the  flo<ir  of  fourth  ventricle  or  mechanical  irritation 
of  the  suiierjor  cervical  ganglion  of  the  symimthetic,  possibly 
from  the  production  of  dilAtation  of  the  renal  arteries, 
retion  of  urine  may  be  diminished — 
I,  By  diminishing  the  generdl  bknttt-presmire:  by 

1.  Diminution  of  the  forct*  or  frequency  of  the  heart-heats. 

2,  Dilatation  of  capillary  areas  other  tiian  that  of  the  kidney. 

■  8,  Division  of  spinal  cord  below  the  medulla,  which  causes  dilata- 
tion of  general  abdominal  area,   and  urine  generally  ceases 
being  secrete+L 
1>,  By  incrtasing  th^  blood- pressure,  by  stimulation  of  the  spinal  cord 
below  the  medulla,  the  constriction  of  the  renal  artery,  which  follows, 
not  being  compensated  for  by  the  increase  of  general  blood -pressure. 
1  B^   constriction   of  the   renal   artery,    by   stimulating    the    renal   or 
splanchnic  nerves,  or  the  spinal  cord. 

lOUgh  the  qtiantity  of  urine  secreted  correspoiids  closely  with  the 
»lood-pressure,  it  must  he  stated  that  it  is  more  directly  depeudent 
I  quantity  of  blood  flowing  through  the  kidney  in  a  given  unit  of 
Under  normal  conditions  increased  blood -pressore  and  increased 
flow  go  band  in  band.     But  the  local  pressure  may  be  enormously 
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increased  by  clamping  the  renal  vein,  in  which  circometance  the  mxt 
tion  of  urine  ia  suspended. 

Although  it  ie  convenient  to  call  the  processes  which  goon  in  tlw 
renal  glomeruli,  filtration,  there  is  reason  to  believe  that  they  are  not 
absolntelj  mechanical,  m  the  term  might  seem  to  imply,  since,  when  tin 
epithelium  of  the  Malpighian  capsule  has  beea,  as  it  were,  pat  out  rf 
order  by  ligature  of  the  renal  artery^  on  removal  of  the  ligatnre,  tin 
urine  has  been  found  temporarily  to  contain  albumen*  indicating  timii 
selective  power  resides  in  the  healthy  epithelium,  which  allows  certlia 
constituent  parts  of  the  blood  to  be  filtered  oE,  and  nut  others. 

Secretion*— That  there  is  a  second  part  in  the  process  of  theeicw- 
tion  of  urine,  which  is  true  secretion,  is  suggested  by  the  straclufirf 
the  tubuli  uriniferi,  and  the  idea  is  supported  by  various  experiments 
It  will  be  remembered  that  the  convoluted  portions  of  the  tubnleitti 
lined  with  an  epithelium,  wliirh  bears  a  close  resemblance  to  the aecw- 
tory  epithelium  of  other  glands,  whereas  the  Malpighian  capsules  irf 
portions  of  the  loops  of  Henle  are  lined  simply  by  flattened  epithelinit 
The  two  functions  of  the  iHfferent  parts  of  an  nriniferous  tube  arerte 
suggested  by  the  differences  of  epithelium,  and  also  by  the  fact  thitthi 
blood  supply  to  the  different  parts  is  different,  since,  as  we  have  sm, 


Tig.  3iar>€urTe  Uk 


oomprefiied— with  that  of  ordinnrx  btood-pmmre. 
a,  fvMirit'y  eurre;  6«  blcKxl-preuore  curre.    f^Boyj 
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the  convoluted  tubes  are  surrounded  by  capillary  vessels  derived  i 
the  breaking  up  of  the  efferent  vessels  of  the  Malpighian  tufts,    Ait 
the  functions  of  the  different  parts  of  the   uriniferous  tubes  in 
secretion  of  urine,  two  chief  theories  have  been  brought  forward 
first,  suggested  by  Bowman  (1842),  and  still  generally  accepted,  ill 
the  cells  of  the  convoluted  tubes,  by  a  process  of  true  secretion,  sep 
from  the  blood  substances  such  as  urea,  whereas  from  the  glon 
are  separated  the  water  aud  the  inorganic  salts.     The  second,  sag 
by  Ludwig  (1844),  is  that  in  the  glomeruli  are  filtered  off  from 
blood  all  the  constituents   of   the  urine  in  a  very  diluted  cond 
When  this  passes  along  the  tortuous  uriniferous  tube,  part  of  the  ' 
is  re-absorbed  into  the  vessels  surrounding  them,  leaving  the  ur 
a  more  concentrated  condition — retaining  all  its  proper  constitn 
This  osmosis  is  promoted  by  the  high  specific  gravity  of  the  bb 
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B  capillaries  surrounding  the  convoluted  tubes,  but  the  return  of  the 
ea  and  similar  Bubstancea  is  prevented  by  the  secretorj  epithelium  of 
t  tubules.  The  first  theory  is,  however^  more  strongly  supported  by 
rect  experiment. 

By  using  the  kidney  of  the  newt,  which  bus  two  distinct  vascular 
Iplies^  one  from  the  renal  artery  to  the  glomeruli,  and  the  other  from 
I  renal-portal  vein  to  the  convoluted  tubes,  Nnssbaum  lias  shown  that 
lain  substances,  e.§,^  peptones  and  Biigar,  when  injected  into  the 
od,  are  eliminated  by  the  glomeruli,  and  so  are  not  got  rid  of  when 
I  renal  arteries  are  tied;  whereas  certain  other  substances,  e.^.,  urea, 
Bu  injected  into  the  blood,  are  eliminated  by  the  convoluted  tubes, 
m  when  the  renal  arteries  have  been  tied.  This  evidence  is  very 
Bct  that  urea  is  excreted  by  the  convoluted  tubes,  that  is  to  say,  if  it 
(ertain  that  ligature  of  the  renal  artery  assists  the  circulation  through 
i  glomeruli,  which,  however,  is  denied  by  Adarai. 
Heidenhain  also  has  shown  by  experiment  that  if  a  substance  (sodium 
iph-indigotate),  which  ordinarily  produces  blue  urine,  be  injected 
lo  the  blood  after  section  of  the  medulla  which  causes  lowering  of  the 
jod-pressure  in  the  renal  glomeruli,  that  when  the  kidney  is  examined, 
Q  cells  of  the  convoluted  tubules  (and  of  these  alone)  are  stained  with 
B  substance,  which  is  also  found  in  the  lumen  of  the  tubules.  This 
pears  to  show  that  under  ordinary  circumstaneea  the  pigment  at  any 
le  is  eliminated  by  the  cells  of  the  convoluted  tubules,  and  that  when 
diminishing  the  hlood-pressnre,  the  filtration  of  urine  ceases,  the 
[ment  remains  in  the  convoluted  tubes,  and  is  not,  as  it  is  under 
linary  circumstances,  swept  away  from  them  by  the  flushing  of  them 
Ich  ordinarily  takes  place  with  the  watery  part  of  urine  derived  from 
I  glomeruli.  It  therefore  is  probable  that  the  cells,  if  they  excrete 
I  pigment,  excrete  urea  and  other  substances  also.  But  urea  acts 
Hewhat  di^erently  to  the  pigment,  as  when  it  is  injected  into  the 
ad  of  an  animal  in  which  the  medulla  has  been  divided,  and  the 
letioQ  of  urine  stopped,  a  copious  secretion  of  urine  results,  which 
lot  the  case  when  the  pigment  is  used  instead  under  similar  condi- 
(IS.  The  flow  of  urine,  independent  of  the  general  blood-pressure, 
Iht  be  supposed  to  be  due  to  the  action  of  the  altered  blood  upon 
■e  local  vaso-motor  mechanism ;  and,  indeed,  the  local  blood-pressure 
lirectly  affected  in  this  way,  but  there  is  reason  for  believing  that 
It  of  the  increase  of  the  secretion  is  due  to  the  direct  stimulation  of 
[cells  by  the  urea  contained  in  the  blood. 

|fTo  sura  up,  then,  the  relation  of  the  two  functions:  (1*)  The  process 
filtration,  by  which  the  chief  part*  if  not  the  whole,  of  the  fluid  is 
ttinated,  together  with  certain  inorganic  salts  and  possibly  other 
is  indirectly  dependent  upon  blood -pressure  and  speed  of  flow,  is 
Dmplished  by  the  renal  glomeruli,  and  is  accompanied  by  a  free  dis^ 
h'ge  of  solids  from  the  tubules.     (2.)  The  process  of  secretion  proper. 
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bj  which  urea  and  the  principal  urinary  solids  are  eliminated,  is  accom- 
plished by  the  celk  of  the  convoluted  tubes,  and  is  sometimeis  (as  in  tbe 
case  of  the  elimination  of  nrea  and  similar  sabstances)  accompanied  br 
the  elimiDation  of  copious  t^uid,  produced  by  the  chemical  ^timulatioa 
of  the  epithelium  of  the  same  tubules. 

The  Passage  of  Urine  into  the  Bladder 

Ab  each  portion  of  urine  is  secreted  it  propels  that  which  is  alreftij 
in  tlie  orinifcrous  tubes  onward  into  the  pelvis  of  the  kidney.    Thm 
through  the  ureter  the  urine  passes  into  the  bladder,  into  which  its  rato 
and  mode  of  entrance  has  been  watched  in  cases  of  ectopia  vesica, iJt 
of  such  fissures  in  the  anterior  or  lower  part  of  the  walls  of  the  $^ 
men,  and  of  the  front  wall  of  the  bladder,  as  expose  to  Tiew  its  hioibr    | 
wall  together  with  the  orifices  of  the  ureters.     The  urine  does  notentff 
the  bladder  at  any  regular  rate,  nor  is  there  a  synchronism  in  itsmoifr 
ment  through  the  two  ureters.     During  fasting,  two  or  three  dropl 
enter  the  bladder  every  minute,  each  drop  as  it  enters  first  raisiui »! 
the  little  papilla  on  which,  in  those  cases,  the  ureter  opens,  and  Kto 
passing  slowly  through  its  orifice,  which  at  once  again  closes  lib  I 
sphincter.     In  the  recumbent  posture,  the  urine  collects  for  a  little  tinn 
in  the  ureters,  then  flows  gently,  and,  if  the  body  be  raised,  runs  froi 
them  in  a  stream  till  they  are  empty.     Its  flow  is  aided  by  the  pensUltid  \d 
contractions  of  the  ureters,  and  is  increased  in  deep  inspiration>ofl7,  • 
straining,  and  in  active  exercise,  and  in  fifteen  or  twenty  minutes  ift*f  || 
a  meal.     The  urine  collecting  is  prevented  from  regurgitation  into 
ureters  by  the  mode  in  which  these  pass  through  the  walls  of  thebl 
der,  namely^  by  their  lying  for  between  half  and  three-quarters  of  an 
between  the  muscular  and  mucous  coats  before  they  turn  rather  a  bra; 
forward,  and  open  through  the  latter  into  the  interior  of  tbe  bladder. 

Micturition.— The  contraction  of  the  muscular  walls  of  the  bkdi 
may  by  itself  expel  tbe  urine  with  little  or  no  help  from  other  mi 
In  so  far,  however^  as  it  is  a  voluntary  act,  it  is  performed  by 
the  abdominal  and  other  expiratory  muscles,  which  in  their  coai 
as  before  explained,  press  on  the  abdominal  viscera,  the  diaphragm 
fixed,  and  cause  the  expulsion  of  the  contents  of  those  whose  sphiod 
muscles  are  at  the  same  time  relaxed.     The  muscnJar  coai  of  the  bl 
der  co-operates,  in  micturition,  by  reflex  involuntary  action,  witi 
abdominal  muscleB;  and  the  act  ia  completed  by  the  (ucelsraior  uri 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  tbe 
drop  of  urine  from  the  urethra.     The  act,  so  far  as  it  is  not  direct^ 
volition,  is  under  the  control  of  a  nervous  centre  in  the  lumbar  s; 
cord,  through  which,  as  in  the  case  of  the  similar  centre  for  defii^^^' 
the  various  muscles  concerned  are  harmonized  in  their  action, 
well  known  that  the  act  may  be  reflexly  induced,  e.y,,  in  children 
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ffer  from  inteetinal  worms,  or  other  Buch  fTritatioii.  Generally  the 
erentimpalse  which  callaioto  action  th«  desire  to  micturate  is  excited 
over-distention  of  the  Madder,  or  even  by  a  few  drops  of  urine 
Isiiig  into  the  urethra.  This  passes  up  to  the  lumbar  centre  (or  cen- 
p)  and  produces  on  the  one  hand  inhibition  of  the  sphincter  and  on 
I  other  hand  contraction  of  the  necessary  muscles  for  the  expulsion  of 
I  contents  of  the  bladder. 


Wh^ 


The  Structure  and  Functions  of  the  Skin. 


e  skin  serves — (1),  as  an  external  integument  for  the  protection 
the  deeper  tissues,  and  (2),  as  a  sensitive  organ  in  the  exercise  of 
^h,  a  subject  to  be  considered  in  the  Chapter  on  the  Special  Senses; 
J0  also  (3),  an  important  secretory  and  excretory,  and  (4),  an  absorh- 
jf  organ,  already  noticed,  p.  431);  while  it  plays  an  important  part  in 
I  the  regulation  of  the  temperature  of  the  body,  (See  the  Chapter  on 
timal  Heat,) 

Siniciure,-^ThQ  skin  consists  principally  of  a  vascular  tissue  named 
I  corium,  derma^  or  cutis  tfera,  and  of  an  external  covering  of  epithe- 
bi  termed  the  epidermis  or  cutick\  Within  and  beneath  the  corium 
i  imbedded  several  organs  with  special  functions,  namely,  i^wif/f/r/feroM^ 
k^dSf  mbaceous  glands,  and  kafj'foilicle.s;  and  on  its  surface  are  sensi- 
^ papilJm.  The  so-called  appendages  of  the  skin — the  hair  and  'naih 
Ire  modifications  of  the  epidermis. 

Epidermis. — The  epidermis  is  composed  of  several  strata  of  cells  of 

iious  shapes  and  sizes;  it  closely  resembles  in  its  structure  the  epithe- 

m  of  the  mucous  membrane  that  lines  the  mouth.     The  following 

IT  layers  may  be  distinguished  in  a  more  or  less  developed  form;    1. 

um  curneum  (fig.  314,  a)^  consisting  of  superposed  layers  of  horny 

The  different  thickness  of  the  epidermis  in  different  regions  of 

body  is  chiefly  due  to  variations  in  the  thickness  of  this  layer;  e.g.^ 

jthe  horny  parts  of  the  palms  of  the  hands  and  soles  of  the  feet  it  is 

reat  thickness.     The  stratum  cornenm  of  the  buccal  epithelium 

fly  differs  from  that  of  the  epidermis  in  the  fact  that  imclei  are  to 

istinguished  in  some  of  the  cells  even  of  its  most  superficial  layers. 

%,  Straium  lumdum,  a  bright  homogeneous  membrane  consisting  of 

OS  cells  closely  arranged,  in  some  of  which  a  nucleus  can  he  seen. 

'S/ratum  (/ranuIo.sumf  consisting  of  one  layer  of  flattened  cells 

h  appear  fusiform  in  vertical  section :  they  are  distinctly  nucleated, 

a  number  of  granules  extend  from  the  nucleus  to  the  margins  of 

cell. 

t  Stratum  Malpighii  or  Rde  jmicosum  consists  of  many  strata. 
» deepest  cells*  placed  immediately  above  the  cutis  vera,  are  columnar 
ti  oral  nuclei:  this  layer  of  columnar  cells  is  succeeded  by  a  number 
pyers  of  more  or  less  polyhedral  cells  with  spherical  nuclei;  the  cells 


504 


HANDBOOK   OF  PHYB10XX)GX. 


of  the  more  superficial  layers  are  considerably  flattened,  Tbe  deep 
fiurface  of  the  rete  mucosum  is  accurately  adapted  to  the  papillie  oti 
true  skin,  being,  113  it  were,  moulded  on  them.  It  is  very  constant  1 
thickness  in  all  parts  of  the  skin.  The  cells  of  the  middle  layers  of 
the  stratum  Malpighii  are  almost  all  connected  by  processes,  and  iha 
form  prickle  cells  (fig.  35),  The  pigment  of  the  skin,  the  varying  quan- 
tity of  which  causes  the  various  tints  observed  in  different  individoAb 
and  different  races,  is  contained  in  the  deeper  cells  of  rete  macognm; 
the  pigmented  cells  as  they  approach  the  free  surface  gradaallv  losing 
their  color.    Epidermis  maintains  its  thickness  in  spite  of  the  cooBtinl 
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TU[.  iUi»— TerticAl  aecUoo  of  the  epid«rmis  of  the  prepuce,    a,  etratum  conuMun,  6t  r&j9mM 
ky«fa«  tlie  ttiutiuii  luckliun  mad  tHrmltam  grunilcwtun  tkot  being  distinctly  rvntiameabod    '       ^     '  - 
tM  lajr«n  of  the  fl^atum  Malptefait.  m  oenaln  Dumber  of  the  oeUs  in  layen  d  And  e  ah. 

fmtfmtntaxkmi  lajerccocMfflteoiiieilyoff  prtekle  or  ridge  uid  fturow  cells;  /.  h— wifinf  i 

t  g,  odlfl  In  ciitk  rera.    (OMliaL) 


wear  and  tear  to  which  it  is  subjected.     The  columnar  cells  of  the  deep-j 
est  layer  of  the  rete  mncosum  elongate,  and  their  nuclei  divide  into  tw*^ 
(fig.  314,  e).    Lastly  the  upper  part  of  the  cell  divides  from  the  lower; 
thus  from  a  long  columnar  cell  are  produced  a  polyhedral  cell 
short  columnar  cell :  the  latter  elongates  and  the  process  is  rep 
The  polyhedral  cells  thus  formed  are  pushed  up  toward  the  free  1 
by  the  production  of  fresh  ones  beneath  them,  and  become 
from  pressure :  they  also  become  gradually  horny  by  evaporation 
transformation  of  their  protoplasm  into  keratin^  till  at  last  by  rubbi 
in  ordinary  wear  and  tear  they  are  detached  as  dry  horny  scales  at  t 
free  surface.     There  is  thus  a  constant  production  of  fresh  cells  in  t 
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pper  layers,  and  a  constant  throwing  off  of  old  ones  from  the  free  sur* 
When  these  two  processes  are  accurately  balanced,  the  epidermis 
intains  its  thicknese.  When,  by  intermittent  pressure  a  more  active 
growth  ia  stimulated,  the  production  of  cells  exceeds  their  waste  and 
epidermis  increases  in  thickness^  as  we  see  in  the  horny  hands  of  tha 
5ren 

The  thickness  of  the  epidermis  on  the  different  portions  of  the  skin 

irtctly  proportioned  to  the  friction,  pressure,  and  other  sources  of 

117  to  which  it  is  exposed;  for  it  serves  as  well  to  protect  the  sensi- 

and  Tascular  cutis  from  injury  from  without,  m  to  limit  the  evap- 

ion  of  fluid  from  the  blood-vessels.     The  adaptation  of  the  epider- 

to  the  latter  purposes  may  be  well  shown  by  exposing  to  the  air  two 

hands  or  feet,  of  which  one  has  its  epidermis  perfect,  and  the 

is  deprived  of  it;  in  a  day,  the  skin  of  the  hitter  will  become 

,  dry  and  horn-like,  while  that  of  the  former  will  almost  retain  its 

liral  moisture. 

Cutis  vera* — The  corlum  or  cutis  vera,  which  rests  upon  a  layer  of 
M>6e  and  cellulur  tissue  of  varying  thickness,  is  a  dense  and  tough^ 
yielding  and  highly  elastic  structure,  composed  of  fasciculi  of  areolar 
le,  interwoven  in  all  directions,  and  forming,  by  their  interlace- 
iis,  numerous  spaces  or  areolae.  These  areolae  are  large  in  the  deeper 
of  the  cutis,  and  are  there  usually  filled  with  little  masses  of  fat 
29S) :  but,  in  the  superficial  parts,  they  are  small  or  entirely  oblit- 
i^.     Unstriped  muscular  fibres  are  also  abundantly  present. 

apills. — The  cutis  vera  presents  numerous  conical  papillie,  with  a 
le  or  divided  free  extremity,  which  are  more  prominent  and  more 
lely  set  at  some  parts  than  at  others.  This  is  especially  the  case  on 
)almar  surface  on  the  hands  and  fingers,  and  on  the  soles  of  the  feet 
irtfi,  therefore,  in  which  the  sense  of  touch  is  most  acute.  On  these 
» they  are  disposed  in  double  rows,  in  parallel  curved  lines,  separated 
I  each  other  by  depressions.  Thus  they  may  be  easily  seen  on  the 
i,  whereon  each  raised  line  is  composed  of  a  double  row  of  papillae, 
is  intersected  by  short  transverse  lines  or  furrows  corresponding 
the  interspaces  between  the  successive  pairs  of  papillee,  Over 
r  parts  of  the  skin  they  are  more  or  less  thinly  scattered,  and  are 
sly  elevated  above  the  surface.  Their  average  length  is  about  j^ 
I  inch  (^  mm.),  and  at  their  base  they  measure  about  -g^  of  an 
in  diameter.     Each  papilla  i?  abundantly  supplied  with  blood,  re- 

fg  from  the  vascular  plexus  in  the  cutis  one  or  more  minute  arte- 
Kgs,  which  divide  into  capillary  loops  in  its  substance,  and  then 
m  into  a  minute  vein,  which  passes  out  at  its  base.  This  abun- 
ipply  of  blood  explains  the  turgescence  or  kind  of  erection  which 
adergo  when  the  circulation  through  the  skin  is  active.  The 
ty,  hut  not  all^  of  the  papillaB  contain  also  one  or  more  terminal 
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rounded  by  blood-vessels  and  embedded  in  the  siibcuUneons  id 
tissue  (fig.  315,  C).  From  this  mass,  the  duct  ascends,  for  a  sh«ffl 
trince  in  a  spiral  manner  through  the  deeper  part  of  the  cntiii 
passing  straight^  and  then  sometimes  again  becoming  spiral,  it  p 
through  the  epidermis  and  opens  bj  an  oblique  valve-like  spfii 
In  the  parts  where  the  epidermis  is  thin,  the  ducts  themselta 
thinner  and  more  nearly  straight  in  their  course  (^g.  315).  Tbei 
which  maintains  nearly  the  same  diameter  throughout^  is  li 
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i,yer  of  colamnar  epithelium  {tig.  315)  contmuoiis  with  the  epidermis; 

^vrbile  the  part  which  passes  through  the  epidermis  is  a  mere  passage 

^trough  the  epidermal  cells  not  beiug  bounded  by  any  special  lining; 

ilMit  the  cells  which  immediately  form  the  boundary  of  the  canal  in  this 

|l>^rt  are  somewhat  differently  arranged  from  those  of  the  adjacent  cuti- 

I  ctle.     The  coils  or  terminal  portions  of  the  gland  are  lined  with  at  least 

fo  layers  of  short  colnmnar  cells  with  very  distinct  nnclei  (fig,  3ir>)» 

[*l]xd   possess  a  large  lumen  distinctly  bounded  hy  a  special  lining  of 

^stiticle. 

The  sudoriferous  glands  are  abundantly  distributed  over  the  whole 
•^Tiiice  of  the  body;  but  are  especially  numerous,  as  well  as  very  large, 
"*^  the  skin  of  the  palm  of  the  hand  and  of  the  sole  of  the  foot.  The 
^*^nds  by  which  the  peculiar  odorous  matter  of  the  axillse  is  secreted 


.  Hlflu— Termtnal  tubules  of  sudorfferouA  Klanda,  cut  In  viu-iaus  directions  from  the  skin  of  tb 

pig's  ear.    (V,  D.  Harris.) 

a  nearly  complete  layer  under  the  cutis,  and  are  like  the  ordinary 
auriferous  glands,  except  in  being  larger  and  having  very  short  ducts. 
The  peculiar  bitter  yellow  substance  secreted  by  the  skin  of  the  ex- 
lal  auditory  passage  is  named  eernmen^  and  the  glands  themselves 
ominous  glands;  hut  they  do  not  much  differ  in  structure  from  the 
It^ciinary  sudoriferous  glands. 

(.'/)  Sebacemta  Glanth.—The  sebaceous  glands  (figs.  315^  320),   like 
iferous  glands,  are  abundant  in  most  parts  of  the  surface  of  the 
,  particularly  in  parts  largely  supplied  with  hair,  as  the  scalp  and 
They  are  thickly  distributed  about  the  entrances  of  the  various 
iges  into  the  body,  as  the  anus,  nose,  lips,  and  external  ear.     They 
entirely   absent   from  the   palmar  surface   of  the  hand   and  the 
iiir  surfaces  of  the  feet.     They  are  racemose  glands  composed  of  an 
%te  of  small  tubes  or  sacculi  lined  with  columnar  epithelium  and 
«rith  an  opaque  white  substance,  like  soft  ointment,  which  consists 
iken-tip  epithelial  cells  which  have  undergone  fatty  degeneration. 
^   capillary  vessels  overspread  them;   and  their  ducts   open   on 
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either  the  etirface  of  the  ekin,  close  to  a  hair,  or,  which  is  more  qiuI,I 
directly  into  the  follicle  of  the  hair.  In  the  latter  case,  there  aw  pm^j 
ally  two  or  more  gliinds  to  each  hair  {fig.  316)» 

Hair. — A  hair  is  produced  by  a  peculiar  growth  and  mc 
the  epidermis.    Externally  it  is  coTered  by  a  layer  of  fine  scaler  c 
imbricated*  or  oyerlapping  tike  the  tiles  of  a  house,  but  with  the  1 
edges  turned  upward  (fig* 318,  a).     It  is  CADed  the  ciUideoi  ihhk\ 
Beneath  this  is  a  much  thicker  layer  of  elongated  homy  ceUs^c 
packed  together  so  as  to  resemble  a  fibrous  structure.     This,  Terr  < 
monly^  in  the  human  subject,  occupies  the  whole  inside  of  the  hairj 


.mM^M. 


/: 
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Ftff  SlT.-'TrafieTerw*  Miction  of  ft  hiilrRnd  hair  fonirleirin  ,,,-,,, 

eland,    a,  iniMlulla  or  iiith  of  the  hair;  h,  nhnani  JAver    r  c- 
Hefiie*H  lujer  of  int*-»niiil  ri Nil-sheath ; /Amt  w.  lft3M*rai  of  (-it*-rr  «*l 

li^er,  or  *'  glassy  membrane/"  which  \m  equfvalent  to  the  basement  xiiembrant: ;  4,  dbruu»  c 
hairiiac;  t,  refwela.    (CadiaL) 


in  some  cases  there  is  left  a  small  central  space  filled  by  a  enl 
called  the  jnedniht  or  pi tk,  composed  of  small  collections  of  irr 
shaped  cells,  containing  sometiraea  pigment  granules  or  fat^  but 
air. 

The  follicle,  in  which  the  root  of  each  hair  is  contained  (%. 
forms  a  tubular  depression  from  the  surfiicc  of  the  skin, — de 
into  the  subcutaneous  fat,  generally  to  a  greater  depth  than  the  mi 
iferoua  glands,  and  at  its  deepest  part  enlarging  in  a  bulbous  foriii,i 
often  curving  from  its  previous  rectilinear  course.     It  is  lined  thn 
out  by  cells  of  epithelium,  continuous  with  those  of  the  epidermi 
its  walls  are  formed  of  pellucid  membrane,  which   commonly  i 
follicles  of  the  largest  hairs  has  the  structure  of  Yaacular  fibrous  t 
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torn  of  the  follicle  is  a  small  papilla,  or  projection  of  true 
it  is  by  the  production  and  outgroirth  of  epidernml  cells  from 
I  of  this  piipillii  that  the  hair  is  formed.  The  inner  wall  of 
is  lined  hy  epidermal  cells  continuous  with  those  covering 

Si 


I  of  A  Whit©  li*lr,  magnified  1«0  diametera.    The  wav«  lines  mark  the  upMr  or  I 
»  eortical  scales.    B^  neparatM  scales,  magiiJiled  350  diameters.    CKdliiker.) 


il  surface  of  the  skin ;  as  if  indeed  the  follicle  had  been  formed 
de  thrusting  in  of  the  surface  of  the  integument  (fig.  319). 
ermal  lining  of  the  hair- follicle,  or  root-sheath  of  the  hair,  is 
of  two  layers,  the  inner  one  of  which  is  eo  moulded  on  the 
d  scaly  cuticle  of  the  hair,  that  its  inner  surface  hecomea  im- 
kfio,  but  of  course  in  the  opposite  direction.  The  color  of  the 
e  to  the  presence  of  a  diffuse  pigment  in  the  cortical  portion  of 
When  a  hair  is  polled  out,  the  inner  layer  of  the  root-sheath 
)f  the  outer  layer  also  are  commonly  palled  out  with  it. 
k — ^A  nail,  like  a  hair,  is  a  peculiar  arrangement  of  epidermal 
itndermoBt  of  which,  like  those  of  the  general  surface  of  the 
Dit,  are  rounded  or  elongated,  while  the  superficial  are  fiat- 


tludlnal  section  of  a  liair  foUiole,    a,  Straturo  of  Malpl^hl,  deep  layer  fortuJn^ 
aUi.  aud  eoutinuwi  to  the  Burfac«  of  thtefiApilla  to  form  \\m  medullar}'  ^heatb 

d  ext^^mal  sheath;  c,  Uiterual  rctot-slieatli :  d,  fibroid  abeath  of  the  hair;  <, 

I  or  meduUa;  /.  hair  papilla;  g,  blood-ranei»  of  tbe  hair-papilla;  K  flbro-Tascular 
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tened,  and  of  more  horny  consistence.     That  specialiy  modified 
of  the  coriuDi,  or  true  akin,  from  which  the  nail  m  formed  ia  cdkll 
matrix* 

The  back  edge  of  the  nail,  or  the  root  as  it  is  termed,  ib  reodfed  k 
a  shallow  crescentic  groove  in  the  matrix,  while  the  front  part  ii  1 
and  projects  beyond  the  extremity  of  the  digit.     The  intermediate  pwkl 
tion  of  the  nail  rests  by  its  broad  under  surface  on  the  front  part  of  tkl 
matrix,  which  is  here  called  the  bed  of  the  nail.     This  part  of  thei 
is  not  uniformly  smooth  on  the  surface^  but  is  raised  in  the  fortoQ 
longitudinal  and  nearly  parallel  ridges  or  laminse,  on  which  are  mouldeJ  ] 
the  epidermal  cells  of  which  the  nail  is  made  up. 

The  growth  of  the  nail,  like  that  of  the  hair,  or  of  the  epidermis  gan-l 
erally*  is  effected  by  a  constant  production  of  cells  from  beneath  andj 
behind,  to  take  the  place  of  those  which  are  worn  or  cut  away.  loi 
much,  however,  as  the  posterior  edge  of  the  nail,  from  its  being  1 
a  groove  of  the  skin,  cannot  grow  backward,  on  additions  being  mi^] 
to  it,  so  eiisily  as  it  can  pass  in  the  opposite  direction,  any  growth  ati 
hinder  part  pushes  the  whole  forward.     At  the  same  time  frefih 
are  added  to  its  under  surface,  and  thus  each  portion  of  the  nail  1 
gradually  thicker  as  it  moves  to  the  front,  until,  projecting  beyond  t 
surface  of  the  matrix^  it  can  receive  no  fresh  addition  from  beneath,  i 
is  simply  moved  forward  by  the  growth  at  its  root,  to  be  at  last  ^ 
away  or  cut  off. 

FlTKCTIONS  OP  THE   SkIK, 

The  function  of  the  skin  to  be  considered  in  this  chapter  is  that < 

the  excretion  of  the  sweat.     The  fluid  secreted  by  the  sweat*glaiidil 
usually  formed  so  gradually  that  the  watery  portion  of  it  escapsfl 
evaporation  as  tmt  as  it  reaches  the  surface.     But  during  strong  i 
cise,  exposure  to  great  external  warmth,  in  some  diseases,  and  wh 
evaporation  is  prevented,  the  secretion  becomes  more  sensible,  and  ( 
lects  on  the  skin  in  the  form  of  drops  of  fluid. 

The  perspiration^  as  the  term  is  sometimes  employed  in  phyaioloi 
includes  all  that  portion  of  the  secretions  and  exudations  from  thei 
which  passes  off  by  evaporation;  the  sweat  includes  that  which  may  I 
collected  only  in  drops  of  fluid  on  the  surface  of  the  skin.    The  I 
terms  are,  however,  most  often  used  synonymously;  and  for  distiua 
the  former  is  chilled  insensible  perspiration ;  the  latter,  sensible  pen 
tion.    The  fluids  are  the  same,  except  that  the  sweat  is  commonly  min^ 
with  various  substances  lying  on  the  surface  of  the  skin.     The  couli 
of  the  sweat  are,  in  part,  matters  capable  of  assuming  the  form  of  ^ 
such  as  carbonic  acid  and  water,  and  in  part,  other  matters  which  I 
deposited  on  the  skin,  and  mixed  with  the  sebaceous  secretions. 

The  secretion  of  the  sebaceous  glands  and  hair- follicles  coumrtij 
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ihelium  cells,  with  nuclei  and  graoules,  together  with  au  oily 
factive  matter^  and  Bte^&riti ;  in  certain  parts,  also,  it  is  miied 
iliar  odorous  principle,  which  contains  caproic,  butyric,  and 
.  It  is,  perhaps,  nearly  similar  in  composition  to  the  nnctu- 
j,  or  vernix  ca^eosa,  which  is  formed  on  the  body  of  the 
e  in  the  uteme,  and  which  contains  large  quantities  of 
t.  Its  purpose  seems  to  be  that  of  keeping  the  skin  moist 
^  and,  by  its  oily  nature,  of  both  hindering  the  eYaporation 
irface,  and  guarding  the  skin  from  the  effects  of  the  long- 


p.  38(L— Sebaceoum  ghknd  from  hunuui  iiklii.    (KlelD  and  Noble  SioltbO 

Iction  of  moisture.  But  while  it  thus  serves  local  purposes, 
from  the  body  entitles  it  to  be  reckoned  among  the  eicre- 
I  skin. 

Chemical  GoMPOsrnoN  of  Swxat. 


sr  *        , 

k:- 

^rgfmic  Ac  ids  (formic,  aoetic,  butyric,  pro-  ) 
pionic,  caproic,  caprylic)  .         .  J 

Mta,  chiefly  Rodium  chloride  .... 
)7eutral  fats  and  choleaterin 
gbctiuctivefi  (including  urea),  with  epithelium 


1,8 
.7 

L6 
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5 
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iat  is  a  colorless,  slightly  tnrhid  fluid,  alkaline,  neutral  or 
tion,  of  a  saltish  taste,  and  peculiar  characteristic  odor, 
everal  substances  it  contains^  however,  only  the  carbonic  acid 
leed  particular  consideration* 
Yapor^ — The  quantity  of  watery  vapor  excreted  from  the 
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gkin  IB  on  an  arerage  between  1^  and  2  lb.  daily  (about  1  kilo) 
subject  has  been  very  carefully  inTestigated  by  Lavoisier  and 
The  latter  chemist  enclosed  his  body  in  an  air-tight  bag»  with  a 
piece.     The  bag  being  closed  by  a  strong  baud  above,  and  the  moi 
piece  adjusted  and  gummed  to  the  skin  around  the  months  he 
weighed,  and  then  remained  quiet  for  several  hours,  after  which  I 
be  was  again  weighed*     The  difference  in  the  two  weights  indicsted 
amount  of  loss  by  pulmonary  exhalation*     Having  tjtken  off  thai 
tight  dresSj  he  was  immediately  weighed  again,  and  a  fourth  tune  ifl 
a  certain  interval.    The  difference  between  the  two  weights  kstiM 
tained  gave  the  amount  of  the  cutaneous  and  pulmonary  eiislatioal 
gether;   by  subtracting  from    ibis   the   loss  by  pulmonary  exhilii 
alone^  while  he  was  in  the  air-tight  dress,  he  ascertained  the  amoail 
cutaneous  trauspirution*     During  a  state  of  rest,  the  average  lo« 
cytaneous  and  pulmonary  exhalation  in  a  minute,  is  eighteen  gniiSf 
the  miuimum  eleven  graius,  the  maximum  thirty-two  gmins;  andrfi 
eighteen  grains,  eleven  pass  off  by  tlie  skin,  and  seven  by  the  Innfi 

The  quantity  of  watery  vapor  lost  by  transpiration  is  of  conrieiB 
enced  by  all  external  circumstances  which  affect  the  exhalation  &( 
other  evaporating  surfaces,  snch  as  the  temperature,  the  hygromrti 
state,  and  the  stillness  of  the  atmosphere.  But,  of  the  variaiions 
which  it  is  subject  under  the  influence  of  these  conditions,  no  cilai 
tion  has  been  exactly  made. 

Carbonic  Acid. — The  quantity  of  carbonic  atid  exhaled  by  theil 
on  an  average  is  about  yl^j-  to  ^^  of  that  furnished  by  the  pnlmoiil 
reapiration* 

The  cutaneous  exhalation  is  most  abundant  in  the  lower  claases  of 
more  particularly  the  naked  Amphibia,  as  frogs  and  toads,  whose  skin  is  this 
moist,  and  readily  ptrtii  its  an  interchange  of  gases  between  the  blo«5d  circnlH 
in  it,  and  the  surrounding  atmosphere.  Bischoff  found  that,  after  the  lnflf 
frogs  had  been  tied  and  cut  out,  about  a  quarter  of  a  cubic  inch  of  cartM 
acid  gas  waa  exhaled  by  the  ekin  in  eight  hours.  And  tliis  quantity  is 
large,  when  it  is  rememljered  that  a  full-sized  frog  will  generate  onlt  il 
half  a  cubic  inch  of  carbonic  add  by  his  lungs  and  skin  together  in  fix  ba 

Tlie  importance  of  the  respiratory  function  of  the  ekiQ,  which  wm 
thought  to  be  proved  by  the  speedy  death  of  animals  whoee  skins*  after  rei 
of  tbe  hair,  were  covered  with   au   impermeable  varnish,  has  been  showi 
further  observations  to   have  no  foundation  in  fact ;  the  immediate 
death  in  such  cases  being  the  h^es  of  tempeniture.     A  varnished  ammal  if 
to  have  suffered  no  harm  when  surrounded  by  cotton  wadding,  and  W  havfrl 
when  the  wadding  waa  removed. 


Influence  of  the  Nervous  System^ 


I 


The  secretion  of  sweat  ia  cloeely  connected  with  theqnantitjof  bli 
flowing  throngh  the  cutaneoos  veBsela.  The  quantity  of  sweat 
creasea  with  vaso-dilatation  and  diminiBhes  with  vaBo-congtrictioii. 
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practically  certain  that  the  sweat-glauda  are  also  untler  the  control 
!  efferent  iui pulses  passiug  to  them  from  the  special  Bweat  centres 
the  brain  and  epinal  cord  through  special  sweat  nervea.  Thus,  if 
16  sciatic  oervo  be  divided  in  a  cat  and  the  peripheral  end  be  etiin- 
ated,  beads  of  sweat  are  seen  to  appear  upon  the  pad  of  tire  correspond- 

Kot,  although  at  the  same  time  the  blood-vessels  are  constricted  or 
the  aorta  is  pressed  upon,  whereas  if  atropin  have  been  injected 
lusly  to  the  stimylation,  no  sweat  appears^  although  dilatation  of 
\e  vessels  be  present.  Secretion  of  sweat,  too,  may  be  reflexly  bcoaght 
Hint. 

The  circulation  of  venous  blood  in  the  spinal  bulb  causes  the  sweating 
!  phthisis  and  of  dyspncea  generally,  by  stimulating  the  sweat  centre. 
:  the  cat  whose  sciatic  nerve  is  divided  be  rendered  dyspnoeic,  abundant 
reat  occurs  upon  the  foot  of  the  uniojnred,  and  none  on  the  injured 
de.  The  effect  of  heat  in  producing  sweating  may  be  both  local  and 
sseral,  and  again,  the  various  drugs  which  produce  an  increased  eecre- 
lon  of  sweat  do  not  all  act  in  the  same  way;  thus,  there  is  reason  for 
linking  that  pilocarpm  acts  upon  the  local  apparatus,  that  sirychnia 
id  picrotoxin  act  upon  the  sweat  centres,  and  that  nicottu  acts  both 
Km  the  central  and  upon  the  local  apparatus. 

The  special  sweat-ucrves  appear  to  issue  Jiom  the  si^inal  conlj  in  the 
of  the  hind  limb  of  the  cat  by  the  last  two  or  three  dorsal  and  first 
0  or  fi>ur  lumbar  nerves,  pass  to  the  abdominal  symjiathetic  and  from 
lence  to  the  sciatic  nerve.  In  the  case  ol  the  lore  limb,  the  nerves 
live  the  cord  by  the  5th  and  Gth  cervical  nerves  into  the  thoracic  sym- 
ithetic,  and  then  join  the  bmchial  plexas,  reaching  the  arm  tlirough 
,e  median  and  uhuir  nerves. 

It  will  be  as  well  to  repeat  here  the  other  functions  which  the  skin 
b§erve8*  In  addition  to  its  excreiori/  otEce,  we  have  seen  that  it  acts 
a  channel  for  ffksorpilon.  It  is  also  couctTUod  with  a  special  sense, 
,^  that  of  fout'h,  to  the  consideration  of  which  as  welt  as  to  its  func- 
)n  of  regulating  ike  ieniperatnre  of  the  body  we  shall  presently  return. 
should  be  recollected,  howx^ver,  that  apart  from  tht?8e  special  func- 
>ns,  by  means  of  its  toughness^  flexibility  sind  elasticity,  the  skin  is 
linently  qualilied  to  serve  as  the  general  integument  of  the  body,  for 
Ending  the  internal  parts  from  external  violence,  while  readily  yield- 
and  adapting  itself  to  their  various  movements  and  changes  of 
»tition. 

a3 


CHAPTER  XIV. 

MUSCLENEliVB  PHYSIOLOGY. 

Chemical  Composition  of  Muscle. 

Thb  mnsoles  make  np  abont  one-half  of  the  total  body  weight 
principal  substunce  which  cuu  bo  extracted  from  muscle,  when  exAm 
after  deiitli,  is  the  proteid  body,  Myomtiy  some  of  the  reactions  of  wl 
have  been  already  discussed,  p.  116.  This  body  appears  to  bear « 
what  the  same  relation  to  the  living  muscle  as  fibriu  does  to  theli 
blood,  since  the  coagulation  of  muscle  after  death  is  due  to  the  formi 
of  myosin.  Thus,  if  coagulation  be  delayed  in  muscles  removed  ii 
diately  from  recently  killed  animals,  by  subjecting  them  to  atempen 
below  0°  C. ,  it  is  possible  to  obtain  from  them  by  expression  a  i 
fluid  of  slightly  alkaline  reaction,  called  miisch-plasma  {ExiaiAyl 
burton).  And  muscle  i)ljisma,  if  exposed  to  the  ordinary  temperati 
the  air  (mid  more  quickly  at  37°-40**  C),  undergoes  coagulation  : 
in  tlu'  siime  way  as,  under  similar  circumstances,  does  blood  pi 
septiratc'il  from  tliu  blood  corpuscles  by  the  action  of  a  low  t^^mpen 
Till*  appearances  ])resentcil  by  the  fluid  during  the  process  are  also 
similar  to  tlu'  plienouiuua  of  hlood-clotting,  viz.,  that  first  of  all  : 
t'reasL'il  visciility  appears  on  tlie  surface  of  the  fluid,  and  at  the  si 
the  containing  vessel,  which  gradually  ext^^uds  throughout  the 
mass,  until  a  flue  transparent  clot  is  obtained.  In  the  course  of 
hours  the  clot  beiiins  to  contract,  and  to  squeeze  out  of  its  meshes  i 
corresponiling  to  hlood-seruni.  In  the  course  of  coagulation,  ther 
nius(?le  plasma  se])arates  into  musde-rlot  and  muficle'Seriim.  The  E 
clot  is  the  substance  myosin.  It  dilTers  from  flbrin  in  being  easily  a 
in  a  2  per  cent  solution  of  hydrochloric  acid,  and  in  a  10  per  cent 
tion  of  sodium  chloride.  It  is  insoluble  in  distilled  water,  audits 
tions  coagulate  on  application  of  heat.  It  is  in  short  a  globulin,  D 
the  process  the  reaction  of  the  fluid  becomes  distinctly  acid. 

The  coagulation  of  muscle  plasma  cannot  only  be  prevented  by 
but  also,  as  Halliburton  has  8ho^v^l,  by  the  presence  of  neutral  sa 
certain  proportions;  for  example,  of  sodium  chloride,  of  magw 
sulj>liate,  or  of  sodium  sulphate.  It  will  be  remembered  that  tl 
also  the  case  with  blood  })lasma.  Dilution  of  the  salted  muscle  pi 
will  produce  its  sh)w  coagulation,  which  is  prevented  by  the  preset 
the  neutral  salts  in  strong  solution. 

It  is  highly  probable  that  the  formation  of  muscle-clot  is  due  ti 
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Bnce  of  a  fermeot  (mt/osiu'fermeni),     Tho  aiitecetlerit  myosin  iu  liv- 
muiselo  h;LS  reeeivLul  the  name  of  mt/(mttOfjtn^  in  the  same  way  m  the 
forming  element  in  the  bloud  is  called  iibritiugeu.     Myusiuogen 
Lowever,  made  np  of  two  globulins,  wliieh  coagulate  at  the  temporu- 
47^  C,  and  5G   U.  respect ively.     Myosin  may  alao,  a^  we  have  beforo 
tioued,  p,  110,  be  obtained  from  dead  nniscle  by  snbjecting  it,  aftt^r 
e  blood,  fat,  and  Ghroiis  tissue,  and  substances  soluble  in  water  have 
reinuved,  to  a  JO  per  cent  aolniion   of  sodium  chloride,  or  5  per 
solution  of  magnesium  sulphate,  or  10  to  15  per  cent  solution  of 
.unium  chloride,  filtering  aud   allowing  the  filtrate  to  drop  into  a 
quantity  of  water;  the  myosin  separates  mit  as  a  white  floccnlent 
lipitate. 
VGTj  remarkable  fact  with  regard  to  the  properties  of  myosin  has 
demonstrated  by    llsdliburton,   namely,    that  a  solution  of  dead 
in  strong  neutral  saline  solution,  possesses  very  mueh  the  same 
ies  as  muscle   phisnni,  and   that  if   diluted  with   twice  or  three 
its  bulk  of  water,  myosin  will  separate  out  (W  a  dof,  which  clot  can 
dissolved  in  a  strong  nentral  saline  solution,  and  the  solution 
again  made  to  clot  ou  dilution-     This  process  can  often  be  re- 
but in  the  lluid  which  exudes  from  the  clot  there  is  no  proteid 
t.     Myosin  when  dissolved  in  neutral  saline  fluids  is  converted  in- 
lyogtnogen,  but  reappears  on  dilution  of  the  fluid.     Mnscle  clot  is 
pure  myosin;  but  it   appears  to  be  combined   with  a  certain 
t  of  salU,  for  if  it  be  freed  of  sidts,  especially  of  those  of  calcinm, 
iiolonged  dialysis,  it  loses  its  solubility.     If  a  small  amount  of  cal- 
salts  be  added,  however,  it  regains  that  property. 
iiBcle  serum  is  acid  in  reiiction,  and  almost  colorless.     It  contains 
proteid  bodies,  vh.—{a)  Atflobiib'n  {mi/of/hbtiUn),  which  canbepre- 
,ted  by  saturation  with  sodium  cliloriile,  or  magne^^ium  sulphate,  and 
b  cnn  be  coagulated  at  (J3°  0.  (145''  F,).     (h)  Sirum-albitmiu  (w//<>- 
hi),  which  coagulates  at  7;r  C.  (1*53**  F.),  but  is  not  precipitated 
ration  with  either  of  those  salts.     And   (<)  Mf/o-albumosey  which 
ither  precipitated  by  heat,  nor  by  saturation  with  sodium  chloride 
eeium  sulphate,  but  may  be  precipitated  by  saturation  with  am- 
sulphate.     It  is  closely  connect+*il  with,  even  if  it  is  not  itself, 
ferment.     Neither  casein  nor  peptone  has  been  found  by  Ilalli- 
in  muscle  extracts.     In  extracts  of  nui^clcs,  especially  of  red 
there  is  a  certain  amount  of  I/temof/hbiN^  and  also  of  a  pigment 
mnscle,  called  by  ilcMnnu  Mffo-Ita'maiiu^  which  has  a  speetnnn 
;8tinct  from  haemoglobin,  viz.,  a  narrow  band  just  before  D,  two 
UUTow  between  D  and  E,  and  two  other  faint  bamls,  nearly  violet, 
dnd  between  E  and  F  close  to  F. 
addition  to  muscle  fermenls^  already  na^ntioned,  muscle  extracts 
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contain  certain  small  amonnts  ot  pepsin  and  fibrin  fermnd^  ai» 

amyhlytic  ferment 

Certain  acids  are  also  present,  particularly  sarco-lactic,  i 

acetic  and  formic. 

Of  carbohydrates,  glycogen  and  glucose  (or  maltoee),  also  iw 
Nitrogenous  crystalline  bodies,  such  as  kreaiin^hreaHni\ 

hypO'Xanthin^  or  camin,  tauriuj  urea^  in  very  small  amount, 

and  inosinic  acid, 
\  SaltSy  the  chief  of  which  is  potassium  phosphate. 

) 

Muscle  at  Rest. 

Physical  Condition, — During  rest  or  inactivity  a  muscle  h 
'  but  very  perfect  Elasticity;  it  admits  of  being  considerably 
but  returns  readily  and  completely  to  its  normal  condition. 
ing  body  the  muscles  are  always  stretched  somewhat  beyond  th< 
length,  they  are  always  in  a  condition  of  slight  tension;  an  an 
which  enables  the  whole  force  of  the  contraction  to  be  utiliz 
proximating  the  points  of  attachment.  It  is  obTioos  that  if  tl 
were  lax,  the  first  part  of  the  contraction  until  the  moacle  bee 
would  be  wasted. 

Tlierc  is  no  doubt  that  even  in  a  condition  of  rest  Oxygen  is 
frofh  (he  bloody  and  carbonic  and  is  given  out  by  a  musde;  for 
becomes  venous  in  the  transit,^and  since  the  muscles  form  b 
largest  element  in  the  composition  of  the  body,  chemical  cha 
be  coustautly  going  on  in  them  as  in  other  tissues  and  organs, 
not  necesf^arily  accom])auied  by  contraction.  When  cut  out  oi 
sucli  muscles  retain  their  contractility  longer  in  anatmoepbere 
than  in  an  atmosphere  of  hydrogen  or  carbonic  acid,  and  durir 
amount  of  oxygen  is  no  doubt  necessary  to  the  manifestation 
as  well  as  for  tlie  metabolism  going  on  in  the  resting  eonditioo 

The  reaction  of  living  muscle  in  a  resting  or  inactive  oo: 
neutral  or  faintly  alkaline. 

Demarcation  Currents  or  Currents  of  Injury:— I 
which  have  been  removed  from  the  body,  it  has  been  found 
some  little  time  electrical  currents  can  be  deniof^trated  pas 
point  to  point  on  their  surface;  but  as  soon  as  the  muscles  di 
into  rigor  mortis,  these  currents  disappear. 

The  demonstration  of  muscle  currents  is  usually  done  as  follows:- 
iiuiscrles    arc    the    most    convenient    for    experiment;    and   a   muscle 
slmpe.  in  which  the   fibres   are    parallel,  is   selected.     The   ends  are  < 
clean  vertical  cuts,  and  the  resulting  piece  of  muscle  is  called  a  rtg\ 
priitm.    The  muscle  prism  is  insulated,  and  a  pair  of  non-polarizable 
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k  very  delicate  galvanometer  {fig.  321)  la  applier!  to  vanoua 
of  the  prism,  and  by  a  dofleclion  of  the  needle  to  a  greater  or  leas  extent 
►  direction  or  anotlier,  tlie  streiagth  and  direction  of  the  cnrrenta  in  the 
of  musi^le  can  be  o«timattxl.  It  ia  necessary  to  use  iit>n'j:M3lfirizabl*:)  and 
jtaJUc  elec'trodea  in  this  experiment,  as  othi^rwise  th**re  Lh  no  certainty 
e  whole  of  the  current  o!jS4'rv'e<l  is  coiniiiuiiicat^^d  from  the  niuHcle  itself, 
not  deriveti  from  the  metallic  eleetrodea  arisinj^  in  con8fH[Uf*neo  of  the 
of  the  siilino  juices  of  the  tissues  uixm  t!jem.  The  form  of  tlie  non- 
ftble  electTfxles  is  a  ni<i*litirati*m  of  Uu  liois  Reymouds  apparatus  {fig. 
,  consists  of  a  somewhat  tiattfined  glass  cylinder,  a,  drawTi  abruptly 


PU.— Refl«ct{ti|r  galvanotnet4?r,     (Tliom«onJ     A.  The  Ralvftiiom.^r*  r.    vhj.  h  irri-iKt«  of 

IBU  of  small  astatic  iit*e<lli*»  husp^'ikUmI  by  a  rtn*i  tiolr  fnnn  a  ku|>|m>i  i     ,.  :i>  ,-  ,  u  ii  s^»t  of 

•  uirhin  H  m>U  of  rtae  iiiRul&U'd  vtjii\n.'r  wiri\  that  forming?  the  lowki  ^miI  is  uoutuJl  in  an 

!o  the  upjt+T.     Attaclu^l   to  the  u|ii;j*'r  HtiL  of  ne<HlieH  im  li  Diiiiall  iiiiiTor  about 

I  ;  the  hjfht  rroiu  the  liiinp  at  B  \ta  thrown  uptm  thin  little  niirr<:ir.  atui  in  r**- 

^ ...      -LnAle  on  Uit*  other  nidt*  of   B,  not  Hlictwn    in  ij^iirf^.    Theeoib  /  Hiri?  ll^^an^;ed 

IM  ufirlfirhu,  and  their  end^  are  earriexi  to  the  hiniJiui?  HiTews,  The  whok-^  apimr&tus  it 
mo.  a  vulcanitf  plate  eapatije  of  ImMh^  hnelleil  hy  tliB  wnnv  HU|iporlM.  and  ih  eMwn^il 
p^bouiKl  Riass  ahiule,  L,  the  cover  of  which  im  hIko  of  hross^  and  Kup|turt(t  a  broHN  rrn], 
fk  moves  a  wtsak  cunwj  nm^uet,  m.  (J  ia  tiie  ^himt  hymtMDn  of  vvliK'h  the  amount  of 
Alt  MSit  Into  tiio  ^ah'auoiiieter  may  In*  rei^ilated.  When  In  use  the  nc^ale  is  plm-edi 
ie  fyoee  ftt>m  tii«  gftlvaiioineterj  which  la  arreiujs'wl  eaiit  and  weMl,  the  lamp  Ih  lijrhto*!, 
r  i>  roaiit*  to  Bwtu(^,  and  tli«4  lij^rht  from  the  ]futip  1!^  lutjiistml  to  ffiil  ii[>iiij  it,  aud  it  in 
Mmletl  until  the  refieettHJ  «pot  i»f  light  fnini  It  fallw  U|hiu  tht^  ieero  of  tho  male.  The 
|k  the  oon-p*dariaable  electrocles  touching  tht?  muaclo  ore  attached  to  tin'  miU-r  IjIndlnK 
itia0  smlvanonK^iter,,  a  key  iiiu»rveniii)^  for  Hhort-clrcultln^^  or  if  a  nortlou  only  <rf  the 
ttopa—  into  the  Kalvauotnett^r,  the  i^mul  idionld  intervmie  aa  well  With  tin*  apiiroprlatei 
fWbai  a  current  na>weH  into  tin*  priilvatHJinet«*r  tht*  nf^dlen  and^  with  them,  the  mirror^ 
I  to  tbe  liKbt  or  left  acirji>nliiifr  U)  Uit3  ilinvtioii  of  tlit«  ciirrt;nt,  Tho  amoynt  of  the  de- 
IMhB  Beedle  is  marlced  on  thu  i«cule  by  itie  »pot  of  lln^ht  travelling  along^  iL 

It,  and  fitt*Ml  to  a  socket  cajiable  of  iiiovenient.  and  attached  to  a  stand, 
^t    it  can   Im?  raised  or  lowered  aa  required.     Tlie  lower  fiortian  of  tho 
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cylinder  m  fillcil  with  rtifun  ci^y  moisten^  witli  saline  Bolution,  part  ( 
projf'ctg  through  its  drawn-out  point;  the  rest  of  the  cylinder  Is  filled  1 
satumtiMl  soltitlon  of  zinc  suljihat^   mic»  whicli  di[>9  a  well  amalg^nuUrd^ 
of   ziuf   roniierttMl  by  means  <if  a   wire  witli  the  gal vanonieter,      IntbL«« 
th*»  zinc  stjl|j}iato  f*jrnis  a  lionuigoni^nis  and  non-pfilarizalUe  c>milijiU^rl«tiw 
tho  zinc  and  the  china  clay.     A  stHxiBd  electrode  of  tlie  same  kind  Is.  of  own 
necessary.  ^B 


Fl(t.  ;tf3.  —  Plnjjram  of  Dii  Hoin  R#'vmond'i*  oou-polariyAble  elect  -  i***  * 

with  rt  SAturnt^'*!  solytinii  of  /Iru"  sulplmt^',  in  Ihc  t»n(l,  r,  of  whicli  i  "^' 

jKijiit;  in  M]!'  Holutlorin  wi»U  jirii!it|kNVTTmt^.t  atiuc  hkI  is  immeirsed  AUd  'i^;'' 

wipe  whlcii  putKtu'Kthmuirh  a,  witli  tlie  f?iLlvjLUOiiicU>r,  Tlif*  rwiimlmler  t4  UiiaiijiimiUwl**! 
far  C4>nv(*nli'ne('i  of  Mpjtjlciitiou,  The  ntuackn  and  the  end  of  the  aecaod  (^l^rode  a(«  in 
li^lit  of  the  ngun>. 


88  fdUM 


In  a  regular  mnsclo  prism  the  currents  arc  fonTid  to  be  88  : 

If  from  a  point  in  the  surface  a  lin&— the  equator — ^ be  drawn  icr(flf| 

muscle  prism  crjually  dividing  it,  currents  pusa  from  this  point  tow 

away  from  it,  which  are  weak  if  the  points  are  near,  and  incretan 


FUr,  :]S9k— DiARrain  of  the  curreDtB  io  a  xuuscls  prism,    (nu  Bois  lUymoad,) 


strength  as  the  points  are  farther  antl  farther  away  from  the 
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^  stToiigest  paaenig  from  the  ef[uator  to  a  point  ropreaenting  the  middle 
tbecuttsiiils  (llg.  323,  2);  eiirreiits  also  pass  f rtim  poiuta  nearer  the 
tttor  to  those  more  remote  (fig.  323,  1,  3,  4),  but  not  from  poirite 
lally  distant  or  iao-olyctric  poiuta  (lig.  323,  ti,  7,  8).  The  out  ends 
I  always  negative  to  the  equator.  These  currents  are  constant  for 
IG  time  after  removal  of  tho  miisole  froni  the  body,  and  in  fact  remain 
long  as  the  muscle  retains  its  life.  They  are  in  all  probability  due  to 
Imieal  changes  going  on  in  the  muscles.  The  currenta  are  diminished 
fatigue  and  are  increased  by  an  increase  of  temperature  within  natural 

lit  is  now  held  by  some  tliat  the  strength  of  current  in  the  mna- 
'  prism  does  not  vary  with  a]>])roacb  toward  or  retreat  from  the 
Itttor. 

iThe  above-mentioned  currents  were  formerly  railed  the  natural 
Bcle  currents  or  currents  of  j-est.  It  has  since  been  shown,  however, 
I  the  intact  resting  muHcle  shows  no  ditferenceH  of  potential,  and 
|t  those  aro  not  developed  unless  some  part  of  the  nniscle  or  tendon  is 
Ired.  These  currents  have,  tlierefore,  been  more  properly  named 
\arcaiio7i  awrefUSy  or  currenifi  of  hijnry. 


Muscle  in  Activity. 


iThe  property  of  muscular  tissue,  by  which  its  peculiar  functions  are 
roised,  ia  its  Contract  Hit  y^  which  is  excited  by  all  kinds  of  stimuli 
Bied  either  directly  to  the  muscles,  or  indirectly  to  them  through  the 
iium  of  their  motor  nerves.  Tliis  property,  although  commonly 
Bight  into  action  throngh  the  nervous  system,  is  inherent  in  the 
Bcnlar  tismie.  For — (1,)  it  may  he  maiiifesteil  in  a  ninsclo  which  is 
ated  from  the  influence  of  the  nervous  system  by  division  of  the 
teg  supplying  it,  so  long  as  tho  natural  tissue  of  the  mnscle  is  duly 
Jished;  and  (2.)  it  is  manifest  in  a  portioTi  of  muscular  fifire,  in 
cb,  under  the  microscope,  no  nerve- ii lire  ciiu  bo  traced.  (3.)  Solv 
ices  such  mcurari^  which  paralyze  the  nerve-endings  in  muscles,  do 
at  all  diminish  the  irritjibility  of  the  muscle  iti^elf. 
(4.)  When  a  muscle  is  fatigued,  a  local  stimulation  ia  followed  by  a 
n-action  of  a  small  part  of  the  fibre  in  the  immediate  vicinity  without 
f  regard  to  tho  distribntion  of  nerve- Oh  res; 

The  Conditions  which  Affect  the  Irritability  of  Muscle— that 
Is  readiness  of  response  to  stimuli — are  numerous.     The  chief  causes 
variation  in  irritability  are  the  following  i 
plood' Supply, — The  irritability  of  muscles  is  also  soon  lost,  unless  a 
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anpply  of  arterial  hlood  to  them  ia  kept  tip.  Tbus,  after  ligatnre  of  the 
main  arterial  truDk  of  a  limb,  Uie  power  of  moving  the  tnuecleB  is  pir- 
tially  or  wholly  lost*  wntil  tho  collateral  circulation  is  established;  and 
wherij  ill  auimalsj  the  abdomiDal  aorta  is  tied,  the  hind  legs  are  ren- 
dered almost  powerless. 

Tho  same  fact  may  be  readily  shown  by  compressing  the  abdaoiDiI 
aorta  in  a  rabbit  lor  about  10  minutes;  if  the  pressnre  be  released  i&d 
tho  animal  be  plaeed  on  the  ground,  it  will  work  itself  along  with  ill 
front  legs,  while  tho  hind  legs  sprawl  helplessly  behind*  Graduallj  the 
muscles  recover  their  power  and  become  quite  as  eflicient  aa  before, 

Soj  also,  it  is  to  tho  imperfect  supply  of  arterial  blood  to  the  maBcnkr 
tiBsne  of  tho  heart  that  the  cessation  of  the  action  of  this  organ  in  as- 
phyxia id  in  some  measure  due. 

Fatifjve. — The  irritability  of  muscle  is  decreased  by  undue  functionil 
activity.  The  cause  of  the  diminished  irritability  is  twofold — when  i 
muscle  contracts,  part  of  its  substance  is  expended,  part  of  its  store  of 
nutriment  is  exhausted,  and  it  cannot  readily  contract  again  until  tbe 
loss  is  made  up.  To  this  extent  fatigue  is  much  the  same  in  ita  effect 
as  cutting  off  or  diminishing  tho  blood-supply.  The  other  cause  for  tlii 
diminution  of  irritability  is  the  accumulation  of  poisonous  prodoctfi  in 
the  lymphatics  of  tho  muscle — substances  generated  during  contraction. 

Separation  from  Venirnl  Nervmis  System. — (ienerally  a  muscle  begins 
to  lose  its  irritability  to  all  forma  of  stimuli  about  two  weeks  aft^r  iti 
nerve  is  severed ,  Within  a  short  time,  however,  its  readiness  of  le- 
Bponso  to  mechanical  stimuli  and  to  direct  battery  currents  is  height- 
ened, while  to  induction  shocks  it  is  lessened*  The  increase  of  irrita- 
bility reaches  its  maximum  in  about  seven  weeks,  after  which 
irritability  to  all  forms  of  stimuli  diminishes,  until  it  is  completely 
toward  the  end  of  the  seventh  or  eighth  month. 

Tho  loss  of  irritability  in  muscle  is  due  to  degenerative  changes  in 
its  protoplasm.  But  the  cause  of  tho  degeneration  is  a  matter  of  cnn- 
troverey,  being  considered  due  to  loss  of  trophic  influences  from  the 
central  nervous  system  on  the  one  hand,  and  to  circulatory  distarbanotti 
on  tho  other. 

Use, — Not  only  irritability  but  strength  and  power  of  endurance  in 
musele  are  increased  by  use.  The  effect  of  properly  regulated  eiercisei 
on  muscles  is  too  well  known  to  need  more  than  bare  mention.  Aiid» 
on  tho  contrary, 

Dimm  leads  to  diminution  or  loss  of  irritability.  This  fact  is  fsmil- 
iarly  shown  when  a  limb  is  disabled  for  a  time,  as  through  breaking* 
bone,  in  the  stiffness  of  the  muselea  and  the  alowness  with  which  th^ 
respond  to  the  will 
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mrature, — The  irritability  of  muscle  is  increased  by  raisiDg  its 
lure  slightly  above  that  of  the  animal  from  which  it  has  been 
fhile  it  ia  decreased  by  cooliog.  If,  however,  the  temperature 
i  too  high  (45^  C  for  frog,  50^  C*  for  uiamraal),  the  miiaclo  en- 
I  a  coDdition  of  heat  rigor  and  ita  irritability  ia  forever  lost, 
oling,  unless  the  cold  bo  too  severe  and  prolonged,  the  irritabil- 
ma  as  the  temperature  ia  raised.  The  eflfect  of  cold  on  irritabil- 
own  in  tho  superficial  muscles  of  the  face  in  winter. 
iiicah  and  Dntrfs, — ^Most  chemical  substances  canse  a  marked 
in  of  irritability  in  muscle.  In  general  terms,  it  may  be  said 
f$  which  produce  any  effect  at  all  at  first  increase  and  then 
Mrritability, 

anical  sihmdi  at  first  increaee  and  then  diminish  the  irritability 
e.      If  they  are  powerful  enough,  the  muscle  is  deBtro}'ed. 


I 


The  Phenomena  of  Muscular  Contraction. 


power  which  muscles  possess  of  contraction  may  then  be  called 
Btimuli  of  various  kinds,  and  these  stimuli  may  also  be  applied 
to  the  muscle  or  indirectly  to  the  nerve  supplying  it.  There  are 
advantages,  however,  in  applying  the  stimulus  to  the  nerve,  as 
'0  convenient,  as  well  as  more  potent.  The  stimuli  are  of  four 
iz. : — 

Jiechanical  dimitU^  as  by  a  blow,  pinch,  prick  of  the  innscle  or 
r,  will  prod n CO  a  contraction,  repeated  on  the  repetition  of  the 
J  but  if  applied  to  the  same  point  for  a  limited  number  of  times 
BDch  stimuli  will  soon  destroy  the  irritabiiity  of  the  preparation* 
Hiennal  SthmtU. — If  a  needle  be  heated  and  applied  to  a  muscle 
rve,  the  muscle  will  contract.  A  temperature  of  over  45"^  C. 
)  will  cause  the  muscles  of  a  frog  to  pass  into  a  condition  known 
iffor. 
Chemical  Stimuli, — A  great  variety  of  chemical  substances  will 

0  contraction  of  muscles,  some  sybatancea  being  more  poteut  in 
g  the  muscle  itself,  and  other  substances  having  more  effect  upon 
B.  Of  the  former  may  be  mentioned,  dilute  acids,  salts  of  cer- 
tain, #.^.,  zinc,  copper  and  iron;  to  the  latter  belong  strong 
,  strong  acids,  ammonia  and  bile  salts  in  strong  solution. 
Ehcfrical  Stimuli. — For  the  purpose  of  experiment  electrical 
^re  most  frequently  used,  as  the  strength  of  the  stimulus  may  be 
nveniently  regulated.     Any  form  of  electrical  current   may  be 

1  for  this  purpose,  but  galvanism  or  the  induced  current  is  usu- 
en. 
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GalTAfiic  currents  aro  iwimny  ohtamed  by  the  employin«'nt  of  a  continww 
ciirrent  battcr>"  Hiieh  na  that  of  r>anieU,  by  which  an  electrical  curn*nt  which 
varies  but  little  in  in tv unity  innbtaiDed,  Tlie  l^attery  i;fig.  S20)  ecosbta  ttf  I 
poeitivo  p\ikU*  of  well  anmlgaiiiut'ed  zinc  immersed  in  a  porotts  cell,  coDtaiiuii| 
dilute  6ul|)htirie  acid  ;  and  thin  cell  is  again  contained  within  a  laiff*  cofiprr 
TesBel  (fonnini^  tho  neg:ative  plate),  containing  besides  a  saturated  folatioorf 
ropper  fiiilphatc.  Tlie  flectrical  cnrrent  iss  made  continuouis  by  ihr  mn"  nf  tb 
two  fluids  ID  th»*  fuHiJvvinj;  manner.  The  action  of  tlie  dilute  Bulpburirju^i'l 
ui»on  the  zinc  pliiU^  partly  dissolree  it,  and  lil>erates  hydrogen,  nnd  this  rj^ 
paaee^s  through  theponius  vossel,  and  decomposes  the  copper  sulphate  iDtottfptf 
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Flir^  SB4.— Dinp!:nLm  iif  a  Danieirs  tuatteiy. 

and  Bulphuric  acid.     The  former  is  deposited  upon  the  copper  plat**,  aftd  I 
latter  passes  tlirongh   th^  porous  vessel  to  renew  the  sulphuric  aciil  which! 
being  used   up.     Tho  cftpper  sulphate  solution  is   renewed  by  spare  rmtablf 
the  salt,    which  are   kept   on  a  little  «helf  attached   tf>  the  coppf-r  plnte, 
alightly  lu4ow  the  level  of  the  solution  in  the  vessel     The  current  of  el*^ 
Bupplied  hy  thin  battery  will  continue  without  variation  for  a  considerable  t 
Other  continuous   current   IwitterieH,  such   as  Grove*8,  may  be  nsed  in  plflcf  ^ 
Daniel] 's.     The  way  in  which  the  apfwiratus  is  arranged   ia  to  attach  v\m  I 
tlie  copper  and  zinc  plates,  and  t<>  bring  them  to  a  key,  wliich  is  a  liftltfaH 
ratua  for  connecting  the  wires  of  a  hatt<»ry.     One  often  empkneil  h  I>d 
neymnnd^s  (fig.    325);   it  conHiHtH  of  two  piect^  of   brass  al>out  an  inch  lone, 
efich  of  which  are  two  holes  for  w  ires  ancl   binding  screw,  Cii  hold  Uiem  tiftlil^H 
Iheae   pieces  of   brass  arc  fixed   i2|w>n  a  vuleanit*?  plnte,  to  the  under  «wfaQ*>| 
wliich  is  a  m^n^w  clamp  by  which  it  can  \u^  secured  to  tJie  table.     The  lot* 
between  tho  |iioci>fi  of   brass  can  bo  hridged  over  by  means  of  a  tlvird  thh 
pii3ce  of  similar  metal  fixed  by  a  screw  to  one  of  tlie  brass  pieces,  anH  < 
of  movement  hy  a  handle  at  riRhl   angles,  so  as  to  touch  the  other  f>M 
brass.     If  the  wires  fnim  the  l)att4'r>^  art*  brought  to  the  inner  binding:  i 
and    the   bridge  connects*   them,   tho  current   passes  across  it  and  Jwcktoll 
l>atti3ry.     Wires  are  connecfj^l   with  the  outer  binding  screws,  and  tiie  < 
enrl«  are  joined  together  for  iil>out   two   inches,    but.    being  coveretl  exceplj 
tlieir  points,  arc  insulated ;  the   uncovered  points  are  alK>ut  an  eigbtli  i 
inch  apart.     Tliese  wires  are  th^  rFeetrodes,  and  the  electrical  stimulus  is  I 
to  the  muscle  through  them,  if  they  are  placed  behind   its  nerve, 
connection  between  the  tvi'o  bni^w  plates  of  the  key  is  broken  by  dep 
handle  of  the  bridge,  the  key  is  then  said  to  Ix'  oi>ened. 

An  induced  current  is  deveh>f>i^l  by  means  of  an  apparatus,  called  an  i 


»Iled  thr  pri  mary  coiL    The  ends  of  a  coi  I  of  finer  covered  wire  g,  are  attacbed 

two  binding  R<»rews  to  the  left  of  t!ie  figure,  one  only  of  which  is  vi(*ible. 
18  ia  the  Bet-ondiry  coil,  am\  is  cajmbie  of  being  moved  nearer  U)  c  along  a 
live  and  ji^nnjuat*^!  siL^le.  To  the  binding  scTewB  to  the  left  of  g,  the  wires 
plectrodeH  liatHl  tu  siiniolat*^  the  niusclo  are  attachotl.     If  the  key  in  the  eir- 


Tiff.  nST.—IHi  Bol8  ReymondSi  tnductlao  coli. 


of  wires  from  the  battery  to  the  primary  coil  (primary  circuit)  be  closed, 
current  from  the  battery  passes  through  the  primary  coil,  and  acroaa  the 
to  the  batter)',  and  continues  to  pasa  oa  long  as  the  key  continues  cloeecL 
be  moment  of  eliisure  of  the  key,  at  the  exact  instant  of  the  completion  of 


the  primary  circuit  an  instantaneoue  current  of  electricity  Is  induced  in  tJu* 
eecondary  cciil,  (?,  if  it  Insufficiently  near  and  la  line  with  the  primary  cirtl 
and  the  nearer  it  is  t<>  r.  the  Btrtiager  is  the  current  induced.  Tbf  curmi 
is  onl^  jnomentary  in  ditrnH^fn  and  does  not  continue  during  the  wik^leof  \htt 
p^rirwl  while  the  primary  circuit  i»  complete.  When,  however,  the  priniajy 
currf^iit  m  broken  by  ii{>imtiig  the  key,  a  aecond,  also  momentary,  currtDt  i- 
tn(iu**»il  in  g.  The  former  Srjthiewl  current  is  called  the  making  and  thr Iahit 
thi*  breaking  shork  .  the  fwriner  is  in  tlif  opp<*«ite  direction  to,  and  the  latl^r  ia 
tiie  same  as,  the  priiimry  current. 

The  iniluelioii  cuil  may  hi*  ustnl  to  protluce  a  rapid  aeries  of  ahodffl  by  nJ«D» 
of  another  and  jiocetim^ry  piirt  of  Uie  apparatua  at  the  right  of  the  fig  *  calW 
the  magiu'tie  interrupter.  If  tlie  wires  from  a  battery  are  connected  with  t 
two  pitlar^hy  the  biudiug  screws,  one  below  c,  and  the  othieri  a,  thccxm^^ 


itk- 
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tn§,  9S».^l>ltigj%m  of  the  oourue  of  the  current  In  the  mafeii«tlc  Interrupter  of  1 
mi^nd'ii  Itiduetfon  eoil.     (TT«1n>^l3o1>'8  mudlflcAtfoa.) 

the  current  is  indicated  in  fig.  JJ38.  the  direction  beinpr  indicated  by  thearro^ 
The  current  passes  up  the  pillar  fn:>m  r .  and  along  the  springes  if  the  cm!  d  ^ 
m  ckiee  to  the  sfiring,  the  eurrefit  paa-^es  t*)  the  primary  coil  e,  and  to  wins 
covering  two  upright  pillars  of  s*ift  iron,  from  tliem  to  the  pillar  a,  and  w* 
by  the  wires  to  the  battery  ;  in  paaaing  along  the  wire.  5,  tlio  soft  iron  is  c* 
vertex!  into  a  magnet,  and  my  attracts  the  hammer,  /,  of  the  spring,  bre*b  thf 
connection  of  the  spring  with  d\  and  so  cuta  off  the  current  from  the  primal? 
cxdl,  and  also  from  the  electro  magnet.  Ah  the  pillars,  b,  are  no  longer  ©JiK 
netiKed  the  spring  is  ri>lea»c^i,  and  the  •^uirir'nt  parses  in  the  first  direckiflt 
and  is  in  like  manner  int^^rrupted.  At  eaeii  make  and  break  of  the  prinarT 
current,  currents  corrt'sponding  are  inducetl  in  the  secondary  coil.  These  cur- 
rents are  oppiisite  in  direction,  but  are  oot  (Hjual  in  intensity,  the  break  shock 
l)eing  greater.  la  onler  that  the  shocks  should  he  nearly  equal  at  die  mal* 
and  lireak,  a  wire  (fig.  328.  *')  connecta  e  and  d\  and  the  screw  d'  h  raised  oOl 
of  reach  of  the  spring,  and  d  ii  raimnl  (aB  in  lig.  32S),  bo  that  part  of  the  cur 
rent  always  paasea  through  the  primary  coil  and  electro- magnet  Whec  ^ 
spring  touches  d,  the  current  in  b  is  diminished,  but  never  entirely  withdraws, 
and  the  primary  current  is  altered  in  intensity  at  each  contact  of  the 
with  d.  but  never  entirely  broken. 

Record  of  Muscular  Contraction  under  Stimuli. ^The  muscles  of  the  tt^^ 
most  convenient  for  Uio  purpose  of  recording  contractions.     The  frog  is  pil 
that  is  to  «ay,  its  central  neryoufl  system  is  entirely  destroyed  by  the  ii 
of  a  stout  needle  into  the  spina  I  cord,  and  the  parts  above  it.     One  of  it»  I'''*' 
extremities  is  used  in  the  following  manner.     The  large   trunk  of  the  sfift^^ 
nerve  is  dissected  out  at  the  back  of  the  thigh,  and  a  pair  of  clectrodt*  ^ 


9.— Arranf^meDt  of  the  apiKiratus  necessary  for  recording  muscle  cotitrnctions 
Hving  eylinder  camrine  Hniok*'<l  pip«*r.  A,  Revolving  <;> Under;  B,  ihi*  fro^c  arran^iHl 
lE-tfoveriHl  boarrl  whfeb  ih  fApabm  of  t»eiijj?  raiBeil  or  lowprwl  on  thn  iipri^^'ht,  whk'li 
I  moved  aloDi;  a  solid  irianprnilar  har  of  metal  att4ichp<t  to  the  base  cif  tht*  rfconiiiie 
-the  t**i!idoii  of  tht^  j,ii.si.r<M."nenihM  i«  ftttiwhwl  Ut  tht*  writitij^  lever,  iiroperlijr  weighted, 
mre-  The  ^^li-ctrotles  from  the  Rixioudary  coil  pa»H  to  the  rtjijmratUR— t>Pin|f,  f»r  the 
iDveDtenee',  iirst  of  all  hffjJiKht  U>  a  k€*y,  D  fDu  Bofs  Reyimoud'i!!);  C,  the  ictdyctioa 
i  battery  (in  this  flg.  a  bichromat^j  one)';  E,  the  key  (Monse's)  in  the  pri amry  circuit. 


behind  it.     The  t^Ddo-achillis  ia  divided  from  its  attachment  to  the 

and  a  ligature  m  tightly  tied  round   it,     ThiH  tendon  b  part  of  the 

tscle  of  the  thigh  (gastrocnemius),  which  ariseti  from  above  the  con- 


1*1^       — Moiat  Cb4mb«r. 
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djl«id  of  the  fentyr  The  Ternur  is  now  0xed  lo  a  board  covered  witttcofi 
and  the  ligatuni  attached  to  the  tendon  is  tied  to  tlie  upright  of  ft  pi<^  *^ 
metiU  titan t  at  rij^ht  angles  (tig.  330,  B),  which  is  capable  of  raovemenlJiMi 
piviit  at  its  kueo,  the  horljioutol  portioii  carrying  a  writing  lever  (myopTi|i4j' 
Wlieu  the  muw^le  contracts,  the  le\er  is  raised.  It  i*  neoe«earr  lo  atUiJi  * 
wtnuU  weight  U)  the  lover  In  thit*  arrangement  the  muscle  is  in  dtu,  ood  ll* 
nerve  disturfRMi  frotu  itb  relations  as  little  as  poaeible. 

The  uiuHcle  may,  however,  be  detached  from  the  body  with  the  lower  eod  d 
ibe  fenmr  Itdiu  wliich  it  ariiit»s,  and  the  nerve  going  to  ft  may  Ite  taitrtiawiT 
with  it.  The  femur  is  dtvideilat  about  the  lower  thini.  Thebune  iahddtBi 
tirm  chrniiJ,  the  nerve  ih  placed  upon  two  electrodes  oc*nnected  witli  on  Lnilur 
tioti  apfuiratiis,  and  tho  lower  end  of  tike  rmiacle  is  connected  by  means o'l 
ligature  attached  to  iU  tendon  with  a  lever  which  can  writi»  on  a  mvnliaif 
api^i-ratus. 

Tu  prevent  evaporation  thin  tio-caUed  nerve-muscle  preparation  in  pUced  uudtt 


// 


Fiif.  ;CU.^-KlrTipl»»  form  uf  |a-D41uIuiii  ihV" 
p«.<Ti4luliim  Kwin^fh:  /?,  cAtoli  on  lowor  fod  i.r 

^j >r  1 II tj -catch  which  rotalim  iiiyoifraph^  as  m,:.    .:    :     ..    i   :i    .  J,       .     _:  _-    , 
hnudU*  of  wLlcb  tbe  peadutufu  swioj^  aJouk  iUt  tuc  ui  Dtm  Um  k^Xt  ^A  Oi^uns  mad  i 
lt«  (upritif^. 

a  glaaa  shade  (moiM  cJiamber,  fig.  390),  the  air  in  which  is  kept  moist  bjt 
of  bh>ttiug  jMiper  saturatetl  with  saline  solution. 

Effects  of  A  Single   Induction    Shock.— With    a   oerve-mnscle 
ananged  ineitlier  of  tbe  above  ways,  on  closing  nr  opening  the  key  in 
mary  circuit,  we  obtain  and  i*an  reconia  contrat^tion,  and  if  we  u^e  the* 
work  apparatus  revolving  ra[iidly,  a  curve  is  traced  such  a»  is  sho^'n  iufijC- 

Another  way  of  recurdiiig  tlie   ctmtraction    la  liy   the  use  of  the  |* 
myognipli  (Ug,   3;U).      Here  tin'  uKivement  of  tlie  iieiidulum  along  a  ocsrfiliBt 
ia  eubHtiiuted  for  the  clockwork  movement  of  the  othtir  apparatus.    '^  1 
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asmokcfl  glass  plwlt'  upon  which  the  writing  lever  nf  u  niyr»gmpli  18 
»  iimrk.  Thu  opi-uiiig  i>r  lirnikitig  ahiK^k  m  stnt  iuto  thi?  irfrvtMijuscU*  pN'p- 
by  tlie  pfuduluiii  in  jIh  wwiiig  (ipeDiug  i\  key  (Ilg.  3^1,  t\}  in  tlu:  primary 
A  muscle  or  ita  nerve  m  more  irritable  t4j  an  opening  shiick  liiim  it  is  to  a 
ahock  of  file  same  streugth,  bet^use  the  duration  of  the  foroier  iti  aborUjf 
it  of  tliti  hilter. 

igle  Muscle  Contractions* — ^Tlic  tracing  {muscje  curve)  ob- 
uf  a  single  miiBck^  contrautiou  or  twUck  is  aeeii  in  fig.  332;  utiti 
)  thus  exiilained. 

e  upper  Hue  (in)  represents  tlie  curve  traced  by  the  end  of  the  lever 
iiection  witlj  a  muscle  after  Btimulutiou  of  the  niuiscle  by  a  single 


— Muacle-ciirve  rtbtAined  bj  inpatus  f^f  tliB  |j4*ndututii  myoj^raph.     «,  lodfcaten  the 

lant  of  the  lad^K^tioti  shock ;  r,  efHiimiL"'i]ctnu(iiit;  aad  ij»  jc,  thti  moxiDium  elevaliou  of 
Uie  line  of  a  vibrtitlu^r  tun iuj?  fork.    Ol.  Foster.) 

iou-fihock:  the  niiddle-line  (/)  is  that  described  by  tlio  markiug- 
ind  indicjites  by  a  Bwddeu  drop  the  exaet  instant  at  wJiieh  tlie 
ion-shock  way  given.  The  lower  wavy  line  (/}  h  traced  by  a 
ttg  tuning-fork,  and  serves  to  measure  preciKoly  the  time  occupied 
part  of  the  con  tract  ion* 

irill  be  observed  that  after  the  stimulus  has  been  applied,  as  indi- 
ly  the  vertical  line  s^  there  is  an  interval  before  the  contraction 
ncei?,  as  indicated  by  the  liner.  This  interval,  termed  (a)  the 
period,  when  measured  by  the  number  of  vibrations  of  the  tun- 
k  between  the  lines  ,v  and  c,  is  found  to  be  about  Yint  sec.  The 
period  is  longer  in  some  nuisele^  than  in  others,  and  differs  nho 
ng  to  the  condition  of  the  muscle,  being  longer  in  fatigued  mus- 
,d  the  kind  of  stimulus  employed.  During  the  latent  period  there 
^yparent  change  in  the  muscle, 

!  second  part  is  tlie  {f*)  stage  of  contraction  proper.  The  lever 
i  by  the  sudden  contraction  of  the  muscle.  The  contraction  is  at 
ry  rapid,  but  then  progresses  more  slowly  to  its  maximum^  indi- 
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eaied  by  the  line  m  x^  drawn  through  its  highest  point.     It  (icctipiefiw  | 
thb  figure  ji^r  flee*     (i)  The  next  stage,  stage  of  elongation.   AlkrJ 
reaching  its  highest  point,  the  lever  begins  to  desoend,  in  cooiequi 
of  the  olougatiou  of  the  muscle.     At  first  the  fail  is  rapid,  bat  tbeal 
comes  muru  gradual  until  the  lever  readies  the  abscissa  or  boaeline,! 
the  muscle  attains  its  pre-contract  ion  length,  indicated  in  the  figuitli 
the  line  c\     The  stage  occupies  jl^  second.     Very  often  after  th«i 
contraction  tho  lover  rises  once  or  twice  to  a  slight  degree,  prodoci^ 
curves,  one  of  which  is  seen  in  fig.  335.     These  contractions,  due  tofttj 
elasticity  of  the  muscle,  aro  called  most  properly  (d)  stage  of  elasti£| 
after- vibration,  or  contraction  remainder. 

Tlio  latent  period  has  been  found  by  exact  methods  of  detennia 
to  be  only  j^^  second  in  length.     The  remainder  of  the  time  ind 
above  is  occupied  in  the  propagation  of  the  impulse  along  the  ner 
in  overcoming  tlie  resistance  of  the  apparatus  used  for  reoordi&g  i 
curve. 

Accompaniments  of  Muscular  Contraction. 

(L)  Bmi  its  developed  in  the  contraction  of  muscles,  Bccqnereli 
liresehet  found,  with  tho  thermo-multiplier,  about  .5'^  0.  of  heat] 
duced  by  each  forcible  contraction  of  a  man^s  biceps;  and  vkol 
actions  were  lung  continued,  tho  temperature  of  tho  muscle  iucreafied] 
This  estimate  is  probably  high,  as  in  the  frog^s  muscle  a  cami 
contraction  bos  been  found  to  produce  an  elevation  of  temperAlaroi 
on  an  average  to  less  than  ^"^  C-  The  cause  of  the  rise  of  teiup 
is  the  increased  cbemieal  activity  at  the  time  of  contraction.  Mi 
have  already  seen  (Animal  Heat),  muscles  produce  heat  evea 
u  neon  true  ted. 

(^.)  Sound  is  produced,  aa  mentioned  above,  when  voluntary  i 
contract     Wollaston  showed  that  this  sound  might  be  easily  1 
placing  tho  tip  of  tlw  little  finger  in  tho  ear,  and  then  maldagi 
muscles  contract,  as  those  of  the  ball  of  the  thumb,  whose  sound  1 
conducted  to  the  ear  through  the  Bubstance  of  tho  hand  and  finger, 
low  shaking  or  rumbling  Bound  is  heard.     The  sound  is  due  to  tbsf 
bration  of  tho  individual  muscle  fibres.     Experimentally  it  hae 
found  that  tho  number  of  vibrations  corresponds  to  the  number  et I 
citations,  and  that  muscle  exhibits  no  normal  rate  of  vibration,  i 
in  so  far  as  a  rate  is  eipressed  in  the  discharge  of  nerve  impulses  1 
the  cells  controlling  the  nmsele.     Nerve  cells  do  not  send  out  anil 
but  a  series  of  impulses.     Moreover,  the  muscle  sound  correspon 
the  rate  at  which  the  muscle  is  stimulated. 

Holmholtz  found  that,  in  the  voluntary  contraction  of  muscle,  i 
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flfthaTiDg  a  vibration  of  18-20  per  secontl  weru  thrown  ioto  motion; 
laince  this  rate  is  too  slow  to  produce  u  tone,  lie  concliidetl  that  the 
iid  lieard  was  the  first  over  tone.  But  this  rate  haa  been  called  into 
tetion  by  later  experiinenls,  iu  wbicb  a  tambour,  connected  with  a 
ArdiDg  apparatus,  ia  placed  on  a  contracting  muscle.  The  rattj  of 
rfltiou  thus  obtained  is  stated  to  be  from  8-12  per  second,  aecording 
Bbe  muscle  investigated  and  its  condition.  Tremors  are  shown  by  a 
^]&  in  fatigue  and  in  many  conditions  of  disease.  Since  tlio  reso« 
ce  tone  of  the  membrana  tympani  corresponds  to  36-40  vibrations  a 
©d,  the  muscle  sound  does  not  indicate  the  number  of  vibrations  in 
tatracting  ninscle.  This  sound  has  been  called  the  nalural  muade 
I  in  contradistinction  to  the  sound  produced  by  a  muscle  contract- 
fn  response  to  rapidly  repeated  stimuli  from  an  induction-coil,  whieh 
sown  as  the  artijtclal  muncU  tmw.  For  example,  the  tone  of  a  tuning 
used  as  interrupter  iu  the  primary  circuit  may  be  reproduced  in 
CDOScle  whose  nerve  is  thus  stimulated.  Such  a  muscle,  placed  in 
lit  with  a  telephone,  will,  by  means  of  its  action  currents,  reproduce 
lound  in  the  telephoue.  Two  tunes  of  dilTerent  pitch  may  bo  pro- 
it  in  the  sunie  muscle  at  the  same  time  when  its  nerve  is  stimulated 
iro  series  of  stimuli  of  dillerent  frequency, 

I. )   Chang€i  in  **?A/i;?6,— There  is  a  considerabk  difference  of  opinion 

I  the  mode  in  which  the  traosrersely  striated  muscular  fibres  con- 

t     The  most  probable  account  is,  that  the  contraction  is  effected 

\,  approximation  of  the  constituent  parts  of  the  fibrils,  wliich,  at 

Eistaut  of  contraction,  without  any  alteration  in  their  general  direc- 

. become  closer,  flatter,  and  wider;  a  condition  which  is  rendered 

int  by  the  approximation  of  the  transverse  strije  seen  on  the  surface 

fe  fasciculus,   and  liy  its  increased  bread t!i  and  tljickness.      The 

linuice  of  the  zigzag  lines  into  which  it  was  supposed  the  fibres  are 

fH  in  contraction,  in  due  to  tlie  relaxation  of  a  fibre  which  hcis  been 

itly  contracted,  and  is  not  at  once  stretched  again  by  some  antago- 

Ibre,  or  whose  extremities  are  kept  close  together  by  the  contractions 

tier  fibres.     The  contraction  is  therefore  a  simple  and,  according  to 

iWebt^r,  a  uniform,  simultaneous,  and  steady  shortening  of  each  fibre 

Its  contents.     What  each  fibril  or  fibre  loses  in  length,  it  gains  in 

iness:    tlvc  eontraction  ia  a  change  of  form  not  of  size;  it  is,  there- 

not  attended  with  any  diminution  in  bulk,  from  condensation  of 

iasne.     Tlais  has  been  proved  for  entire  muscles,  by  making  a  mass 

iisules,  or  many  fibres  together,  contract  in  a  vessel  full  of  water, 

which  a  fine,  perpendicular,  graduated  tube  communicates.     Any 

UntioB  of  the  bulk  of  the  contracting  muscle  would  be  attended  by 

of  fluid  iu  the  tube;  but  when  the  experiment  is  carefully  per- 
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formed  I  the  level  of  the  water  in  the  tube  reiniiias  the  nat^ 
the  mueele  Ih:^  contracteii  or  not. 

Ill  thus  shortening,  muscles  appcttr  to  swell  np^  htcmtiifuj  roundtr^mm 
prominent^  harder^  and  apparently  tougher.  But  this  hardoesof  ma 
in  the  stuto  of  €ontractiou  is  not  due  to  increttst'd  tirmnessort 
lion  of  the  muscular  tissue,  but  to  the  increased  teiusion  to  which  til  I 
fibres,  as  well  Jis  their  tendons  and  other  tissuoB,  are  subjects  from  tbi  I 
reBistanec  ordinarily  opposed  to  their  contraction*  When  no  resistim* 
ifl  offered,  ite  when  a  muscle  is  cut  off  from  its  tendon,  not  only  is  w  I 
hardness  perceived  during  cQn traction,  bnt  the  muscular  tiasue  is  txm\ 
softer,  more  extensile,  and  lees  elastic  than  in  its  ordinary  uncontndilj 
state.     During  contraction  in  e4ich  tibre  it  is  said  that  the  anisotropooi| 


fp: 
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F%»  338.— Til*?  mJcroBCopic  appesamnr*  -       > m.  ,i      ,!  ^f  mntnirtfnn  iti  Ih*  I 

flbrilJib,  aft<*r   Eux^lumnn      I,  A  pawsiv**   nms.-ir  nin  r*  d 

RieidlAll  disc  A  li  in  it ;  li  umi  ^  ai>''  lAt**m]|  rli^  <:  r  nntl  ^ 

fofnutlve;  fig.  ou  n^lit  HAiUf*  lUiit*  in  iM'lnri/tNl  ItK'ht;  l"  '^1,1 

niH  flo.     2,  TntDSition  «tJi|(^:  ntnl  a.   Slais;^  or    ••fitire  t'l-i-u-rn  iinn  ;   (n    y^twU    cu^  tJie  I 
ll^rtt  repreieDU  tlie  effei^t  of  fKilarj/^xl  U|?ht.  cLandois  nttor  Engt*liiuuiiL) 

or  doubly  refractive  elements  become  less  refractive  and  the  iiuglj in- 
fract ivc  more  so  (fig.  33-1), 

(4.)   Chtmiciil  ChaH(jvs.  —  {a)  Tljo  reaction  of  the  musclu  whitii 
normally  alkaline  or  neut^il  becomes  decidedly  acid^  from  the   li 
nient  of  sarcolactic  acid.     {/;)  The  inneclc  gives  out  car^ 
and  takes  up  oxygen,  the  amount  of  the  CO,  given  out  Hl.  ..,  j  _  \^ 
be  entirely  dependent  upon  the  0  taken  in,  and  so  doubtW  io  p'(| 
arising  froFn  mnxit*  other   source.      (<)  Certain    imperfectly   tn 
chemical  changes  occur,  in  all  probability  connected  with  (^i 
Glycogen  is  dimiuishedi  and  glucose,  or  muscle  sugar  (inosit« 
tlie  extractives  are  in  creased. 

(5*)  Bkiirimi  Clifntf/c.s, — When  a  muscle,  which  has  been  remot* 
from  the  body  and  conseriuently  shows  a  demarcation  cnrrent,  i«  J 
to  contract,  this  current  undergoes  a  diniiiintion  as  indicated  bit 
galvanometer  needle,  which  swings  back  in  the  opposite  direction, 
is  known  as  the  negaUve  variation^  or,  more  properly,  the  aciion  cu 
since  it  also  occurs  where  no  previous  demarcation  current  eiistetU 

For  the  study  of  liie  action  current,  either  the  galvanometer  oi 
capillary  eleotrometer  (for  description  see  page  255)  may  be  iificJ. 
hearts  of  cold 'blooded  animals,  because  of  their  slow  contraciioa, 
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1  for  demoDstratioD.     Tl)€  muscle  contraction  pafises  over  the  ventricle 
the  form  of  a  wave,  the  electric  potential  of  the  muscle  changing  aa 

comes  active  or  passive.     For  any  two  poiiita  on  the  heart  muscle^ 

efore,  there  will  be  two  changes  of  poteutialj  the  active  part  first 
11  Dg  negative  to  the  inactive,  and  then,  as  the  wave  passes  down 

the  inactive  part  hcconiea  active,  the  current  i^  reversed.     This  ia 

rn  as  a  diphasic  furrenl, 
!  Conditions  which  AfTect  the  Characters  of  the  Cotitractlon* 
tn  addition  to  tlio  factors  already  considered  which  influence  the  irri- 
lilitj  of  muscle  as  such,  these  and  others  may  aUcct  the  characters  of 
Contraction  and  lience  the  curve  produced. 

\£fftd  of  Load, — Within  certain  limits  a  muscle  contracts  more  pow- 
lillj  when  acting  against  resistance — that  is,  when  it  Is  loaded.  Be-^ 
|d  this  point  of  maximum  contraction,  however,  increase  of  load  dt* 
llebes  the  height  and  duration  of  contraction  and  increasea  the  length 
me  latent  period, 

f£ffect  of  Faiiffue. — As  already  stated^  exercise  increases  the  strength 

bnscles,  so  that  the  first  eHect  of  contraction  is  to  increase  the  height 

be  curve;  but  if  the  stimulation  he  kept  up  and  the  muscle  he  made 

antract  frequently,  both  the  height  and  form  of  the  curve  are  altered. 

I  latent  period  is  lengthened,  the  height  of  the  curve  is  lessened »  and 


—Influence  of  l^mperature  on  ging]^  Wttch  of  fniig'B  KBitracaemlus.    a,  Eoom  lempem^ 
,  h,  tieat«d  to  38»  C* ;  c  cwlwl  to  1*  C. 


duration  of  the  contraction  la  much  prolonged.     Later  a  conditioti 

«bed  in  which  the  muscle  remains  more  or  less  contracted  for  a 

derable  time.     This  condition  is  called  coniraciure, 

ffci  of  Temperature, — Heat  up  to  a  certain  point  increases  the  irri- 

f  of  muscle  and  favors  rapidity  in  chemical  activity,  with  the  re- 

it  when  it  contracts  the  latent  period  is  shorten ed,  the  height  of 

re  is  increased,  and  the  duration  of  the  contraction  ii  lessened. 

fToduces  contrary  effects. 


'i 
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Effe4:t  of  Drugs, — Veratrind  does  not  alter  the  rapiiiil)  viririj  wltick 
eoDtraction  occurs,  but  euorojotisly  prolonge  the  stage  of  relaiatim 
The  aalta  of  barium  act  eimilarly,  and  to  a  less  extent  those  of  calcioD 
and  fitrontiuni.  In  this  connection  it  is  interesting  to  recall  thAtsopii' 
renal  extract  acts  like  wise  on  voluntary  inuBclea. 

Effect  of  Strength  of  Stimulus. — A  strength  of  current  that  is  ;b* 
fiufBciont  to  givo  a  contraction  is  called  a  f/it;n>/taJ  stlniuliiB.    iati» 
strength  of  the  current  la  increased,  the  height  of  the  oontractioD  cunr 
increases  until  the  niaxtmal  stimnlua  Is  reached,  beyond  wbicH  oo 
crease  occurs.     The  lateut  period  shortens  with  increased  strengtb 
stimulus* 

Effect  of  Hate  of  Sttmulattan. — If  we  stimulate  the  nem-mdi 
preparation  with  two  induction  shocks,  one  immediately  after  theoM 
when  the  ]>oint  of  Btiniulatiou  of  the  second  one  oorres^)OQds  ir<  tin 
tnaximum  of  the  first,  a  second  cnrve  (^.  335)  will  occurs  ivhick 


nuiKcl<«  wiw  Hiijfi^rtHl  ill  the  (Irsl  cfrntnictKin  ( whfifie  * ' 

iDflicrtUHl  by  tlif  «lotti»«i  liinO,  a  sMt'oiid  indiiL"tion-«ntH 

iiixtjml  contraction  tx^gau  Joet  aa  the  firet  wns  boi^iinr 

to  »Urt  froQi  Uic  flnst,  a«  dooa  th«  fii»t  from  the  liftse  line,    <.iL  iusiicr.j 


I 


commence  at  the  highcGt  point  of  the  first  and  will  rise  nearly  afll 
BO  that  the  sum  of  the  huight  of  the  two  curves  almost  exactly  ( 
twice  the  height  of  the  first.     If  a  third  and  fourth  shock  be  p 
similar  effect  will  ensue,  and  curves  one,  above  the  other  will  betfl 
the  third  being  slightly  lower  than  the  second,  and  the  fourth  th«B J 
third.     If  a  more  numerous  serios  of  shocks  occur,  however,  ibel 
after  a  time  ceases  to  rise  any  further,  and  the  contraction,  which  1 
reached  its  maximum,  is  maintained.     The  condition  which  ens 
called  Ttftfuifs^     A  tetanus  is  really  a  summation   of  contrit*tionip| 
unless  the  stimuli  bceuuio  very  rapid  indeed,  the  muscle  will  BtiU  bel 
condition  of  vibratory  con  traction  and  not  of  unvarying  contn*ctioB.J 

If  the  shocks,  however^  be  repeated  at  vury  sliort  intervals, ' 
in  the  frog,  from  12  to  IS  [icr  secouil,  t]je  muscle  contracts  toitatitl 
suddenly  and  continues  at  its  maximum  contraction  for  some  tinm, 
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r  riaea  alraost  jM?rpcmliciilarly  and  then  descnbca  a  strnighi  line 
J,  c).     If  tho  stimuli  are  not  so  rapid  tho  line  of  mtiximiim  con- 
becomes  wavy,  indicating  a  tiinileiicy  of  tlio  muscle  to  relax 
the  intervals  between  tbe  stimyli  (%.   336,  b).     Ab  the  muscle 


,^ /^iyprfn^v>nnnrvv^^/YVvvvv\ 


1— ii,  Tmgi**  gn^nycnt^mUm  mii9«'!i»  «tfrrnilftt*"cl  with  fmir  induction  stiocki}  peraerond,  show- 
U*  rplsixuHfjR  l»'twvi*n  Htlniiill ;  Jk  ssuihp  RinMlf»Llti]iilatH4l  #»lj;rljt  thnfn  jitT  nuj^jwd,  showing 
jtjiUnii  lM>tw«»ii  slim  nil  (ini'oiti])]H<- t^'ljinim* ;  i%  Muxie  mujMin  iitlTnulaUHl  twelve  ilniew  |>i»r 

i  f aligned,  a  lci5S  rapid  rate  of  stimulation  ia  reqnired  to  produce 
etc  tetanus,  owing  to  the  prolongation  of  the  relaxation  period 
a  muscle.  Tlie  hoi ^d it  of  the  contrurtion,  however,  is  lessened, 
adition  of  prolongcid  relaxation  is  known  as  eontraviure. 
scular  Work.— Wo  have  seen  that  work  is  estimated  by  muHi- 
ihe  weight  ridded  hy  the  height  thron^di  which  it  has  been  lifted. 
een  found  that  in  order  to  obtain  the  niaximnm  of  work  a  mus- 
i  be  moderately  loaded:  if  the  weight  is  increased  beyond  a  cer- 
iit,  Iiowever,  the  muscle  bceomcJ?  strained  and  raises  It  throogh 
I  a  distance  that  less  work  ia  accomplished.  If  the  load  ia  still 
increased,  the  tnnacle  is  completely  overtaxed  and  cannot  raiae 
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the  weight.     No  work  ie  then  done  at  all, 
these  facta  most  be  familiar  to  every  one. 


Practical  illastratiooa  o 


Tbe  power  of  a  muscle  m  usually  meaj*urcMi  by  the  maximum  weiglil  which  I 
will  sujiport  without  stretrlitng.  In  niaii  tliis  is  readily  deWrmiDed  by  wdghlii^ 
tho  IhkIv  ((*  such  iiu  exU'Tit  that  it  can  no  longer  lie  raised  on  tiptoe:  llius  file  poiff 
of  the  culf  muHclcMi  ia  tielermnicd*  The  power  of  a  muscle  thus  estimarnl  ikjtaM 
of  puurse  upon  its  cross  stjction.  Tbe  power  of  a  bunian  muscle  is  fromlnoto 
ihrer  liiueH  iim  grcal  as  a  f  rog^'s  nuiscle  of  the  same  aectio&al  arini. 

Fatigue  of  Muscle* — A  muscle  becomes  rapidly  exhausted  itm 

repented  i^tiinuhttioii,  and  the  more  rapidly^  the  more  quickly  the  iDdoft 
tion-shocka  Bucoeed  each  other.     This  is  indicated  by  the  dimii 
height  of  the  muscular  contractions.     Where  a  number  of  siv 


FlRJUr.— FaU^ieeuTTO  of  ftag*a  gaBtrvx'ni^nihiw  muw^h*stiii 
FBOordfHj  At  Uie  saiuti  plMse  neb  time.    Bvi^ry  U*nnh  t^tuinuium  i-  r  _ _ ,, ^  a, 

of  cuatnu'tloa^  Incrasjie  Id  Umo  at  coatrmctton,  aad  IncreaMi  of  rt'laxiUluu  pwunl, 

single  twitches  of  a  muscle  undergoing  fatigue  are  recorded,  graphic 
the  form  of  the  curve  is  seen  to  change  as  follows:  the  height  of  I 
contraction  is  diminished;  tho  contraction  is  slower;  and  the  relau^ti 
period  is  still  more  markedly  prolongeil. 

A  fatigued  muscle  hns  u  much  longer  latent  period  than  a  fresh  i 
The  slowness  with  which  muscles  resjyond  to  the  will  when  fatigued  i 
be  fumiliar  to  every  one. 

In  a  muscle  which  is  exhausted,  stimulation  only  causes  a  contn 
producing  a  local   bulging  near  the  point  irritated.     A  similar 
may  be  irroduced  in  a  fresh   mtu^iclG  f»y  a  sliarp  blow,  as  in  striking  1 
biceps  smartly  with  the  edge  of  the  hand,  when  a  hard  muscular  a 
is  instantly  formed. 

As  W6  have  seen  in  dismissing  the  irritAbility  of  muscle,  tbe  caniil 
fatigue  is  twofold,  being  in  part  due  to  its  nutritive  condition,  aud  l 
part  to  the  accumulation  of  poisonous  products  formed  during  conti 
tion — probably  a^rcolactic  acid,  chie%.     In  a  living  animal  theM| 
fionous  products  e^^ert  their  iniiuence  not  only  upon  the  muscle  or  i 
clea  immediately  concerned  in  contraction,  but  upon  tho  mueculatn 
the  body  generally,  and   the  et!«ct  remains  until  they  are  elitoii 
from  the  body.     Massage  of  the  muscles  increases  the  passage  of 
into  the  general  blood'Stream  aud  the  rapidity  of  (heir  elimination. 
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Under  nornml  eircumi^tsiiices  miiacles  do  not  become  completely  fa- 

ed,  for  tlio  reason  tliat  the  nerve  cells  wliicli  fleiid  out  tlio  impulaeB 

contraction  becomo  fatigued  sooner  i\mn  the  iniiaclcd  themselveg  do, 

ve  ct'IIs,  however,  recover  from  fatigvio  more  quickly  than  nniaclea, 

facta  arc  aometimes  shown  when  one  feels  utterly  exhausted  and 

'eel J  able  to  drug  one  foot  after  anotlier^  yet  under  a  strong  effort  of 

,  as  from  fright^  is  able  to  make  unwonted  effort. 

(Response  to  Stimuli  in  Voluntary  and  Involuntary  Muscles. 

rhe  two  kindnof  fibres,  the  striped  and  the  nnstriped,  havi  charac- 

latio  differences  in  the  mode  in  which  they  act  on  the  application  of 

leame  Btimulua;  differences  which  may  be  ascribed  in  great  part  to 

[ir  respectivo  differences  of  stntrinre,  but  in  some  degree,  possibly,  to 

respective  vwiks  of  conneiiion  unih  ike  nerrons  si/stefn.     When  ir- 

ion  is  applied  directly  to  a  muscle  with  etriated  fibres,  or  to  the 

r  nerve  eupplying  it,  contraction  of  the  part  irritated^  and  of  that 

',  ensues;  and  tliis  contraction  is  instantaneons,  and  ceases  on  the  in- 

it  of  withdrawing  the  irritation.     But  ^ben  any  part  with  nnstriped 

ular  fibred,  e.(/\f  the  Inteatinea  or  Uadder,  is  irritated,  the  Buhso^ 

i  contraction  ensues  more  slowly,  extends  beyond  the  part  irritated, 

with   alternating  relaxation,  continues  for  some  time   after  the 

drawal  of  the  irritation.     The  difference  in  the  modes  of  contrac- 

of  the  two  kinds  of  muscular  fibres  may  be  particularly  illustrated 

e  efitects  of  the  repeated  stimuli  with  the  magnetic  interrupter. 

rapidly  succeeding  shocks  given  by  this  means  to  the  nerves  of  nnis- 

excite  in  all  the  tran. -aversely  striated  iHusclea^  except  in  the  case  of 

^beart,  a  fixed  state  of  tetanic  contraction  aa  previously  described, 

h  lasts  as  long  as  the  stimulus  is  continued,  and  on  its  withdrawal 

ntly  ceases;  but  in  tlie  muscles  with  uustriped  fibres  they  excite  a 

vermicular  movement,  which  is  comparatively  alight  and  alternates 

rest.     It  continuee  for  a  time  after  the  stimulus  is  withdrawn. 

their  mode  of  rpHjioiidiDg  to  thes**  Btiroiili,  all  the  skeletol  uiiiJM^les,  or 

vrith  traiiiiverst^  striip,  an*  alike;  Ijut  aninu|^  those  with  imstriped  fibres 

are  many  differetir^s — u  fart  whieh  tt^iids  to  uoolirui  the  opinion    that 

peculiarity  df-jH^iidw  as  weM  ou  thidr  cotnifctiun  with  nerves  aiivl  ^Uiiglia 

H   tlieir  own  pn^perties.     The  ui'etera  and  gall  tiladder  are  the  j tarts  leasl 

fid  by  stinioli  ;  they  do  not  act  at  all  till  thu  stiniulna  has  be^u  long  applied, 

^eo  contract  feebly,  and  to  a  small  extent.     The  eontracliona  of  tlio  caecum 

(totnadi  arequirkeraDd  wider  spread  :  still  quicker  those  of  tho  iris,  and  of 

Irinary  bladder  if  it  he  in:*t  t'tn*  full.     The  aetions  of    tlie  small  and  large 

titles,  of  the  vas  deferens,  and  jjre>?imnt  utenij*.  are  yet  more  vivid,  more 

mVt  and  more  sustained  ;  and  they  rf-quire  no  more  stimulus  than  that  of  the 

^  excite  them.     The  heart,  on  ac<"ounf,  doubtless,  of  its  striated  musele,  is 

uicke»t  and  most  vigorous  of  all  tlie  rnnsrlea  of  organic  life  in  contracting 

irritation,  and  appears  in  this,  an  in  neurit'  all  other  respeeU.  ti>  be  tlie  con- 

p^g  iiieiuber  of  the  two  classea  of  rn uncles. 

U  tljo  Miws^cleg  retain  their  pro|K?rly  of  rontracting  under  th^  influence  of 
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BliinuU  rippHctl  to  them  or  to  their  nerves  for  9omc  time  nftcr  dcnxh,  the  | 
bt'in^^  longer  in  c*>ld-bUxx}€Mj  tlian  in  wami-bloodetl  Vertebrata,  antl 
Birds  than  in  Maminntia.     It  would  seom  as  if  the  more  act  ire  th<?  ] 
process  in  the  living  aninia.1,  the  shorter  Is  the  time  of   duration  of  the  i 
bility  io  the  muscles  after  death ;  and  this  is  confirmed  by  the  oomp 
different  speciee  in  the  sajne  order  of  Vertebrata.     But  the  period duruiK  i 
this  irritability  lasts  is  not  the  same  in  all  persons,  nor  in  all  the  musdnCl 
the  same  person.     In  a  man   it  oeruif^s,  according  to  N.vaten,  in  the  fcJIovisc  I 
order: — first    in    the    left  vf^ntricle,    then   in  the  int-estines  and  glomach.  ihlj 
urinary  bladder,  rij^ht  ventricle,  (esophafrns,  iris ;  then  in  tlie  voluntarf  : 
cles  of   the  trunk.  lower  and   upper  •actnmities ;   lastly,  in  Ui*«  right  and  k&| 
auricle  of  the  heart 


Muscle  in  Rigor  Mortis, 

After  tbo  musclos  of  tlie  deiid  body  have  lost  their  irritability  or  ci|i^  ] 
bility  of  Ymng  excited  to  contraction  by  the  applicatloo  of  a  stimeli^l 
they  gpontaaeoualy  puss  into  a  state  of  contraction,  apparently  identiflitj 
with  thftt  which  ensues  during  life.     It  tilTects  all  the  muscles  of  I 
body;  and,  when  external  circumstances  do  not  prevent  it,  eommoi 
fixes  the  limbs  in  that  which  is  their  njitural  posture  of  equilibmm <i 
rest.     Ilence,  anil  from  the  simultaneous  contraction  of  all  the  mn 
of  the  trunk,  is  produced  a  general  stiffening  of  the  body,  oonstitoti 
the  riff  or  moriis  or  posi-moriefn  rigidity. 

When  this  c^mdition  hfis  sot  in,  the  muscle  [a)  becomes  add  vi  ruirtm\ 
(due  to  development  of  sarcolactie  acid),  (//)  //iVf^  off  carbonic  oadin 
great  excess,  (r)  dimimshestn  liolnnwdifjhfly^  [d)  bemme^  sharteniii 
opaque^  its  fiiiljBtanco  setting  firm.     liigor  comes  on  much  more 
after  muscular  activity,  itud  is  hiistened  by  warmth.     It  may  be  bT< 
on,  in  muscles  exposed  for  experiment,  by  tlie  action  of  distilled  i 
and  many  acids,  also  by  freezing  and  thawing. 

Cause, — Tho  immediate  cause  of  rigor  seems  to  beachemii^c 
namely,  the  coagulation  of  tlio  muscle  plasma.     We  may  distinf 
three  main  stages — (L)  Gradual  coagulation.      (*2.)  Contraction  oft 
ulated  muscle-clot  (myosin),  and  Brpieczing  out  of  muscle-seranL 
Putrefaction.     After  the  first  stuge,  restoration  is  possible  throtigli  1 
circulation  of  arterial  blood  through  the  muscles,  and  evenwhaol 
second  stage  has  sot  in,  vitality  may  be  restored  by  dissolving  thec 
ulum  of  the  muscle  in  salt  solution,  and  passing  arterial  blood  th 
the  vessels.     In  tho  third  stage  recovery  is  impossible. 

It  has  been  noticed  that  the  relaxation  in  muscles  after  rigor  * 
times  occurs  too  quickly  to  bo  caused  by  putrefaction,  and  theaa 
that  in  such  casi^s  at  any  rate  such  relaxation  is  due  to  a  ferment 
is  very  plauaible.     It  is  known  that  pepsin  is  prescnit  in  muscle 
that  this  ferment  will  act  in  an  acid  medium.     The  conditioni  for  I 
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ation  of  the  coagnlatetl  myosiH  aro  tliereforo  present  as  the  reaction 
rigoreil  muscle  is  acid.     Bubjecting  fresh  iimsclo  to  the  action  of  beat 
to  60"^  G. )  or  immtirBing  it  in  tlistillcsd  water  causes  a  similar  coagu- 
Q  to  that  of  rigor  mortis.     The  former  is  known  us  hmi  rigor  and 
e  latter  as  water  rigor. 

Order  of  Occurrence. — Tho  muscles  aro  not  nffoctod  siniultaDeously  by 

Igor  mortis.     It  affects  the  neck  and  lower  jaw  lirst;  next,  the  upper 

^[treraiticsj  extending  from  above  downward;  and  lastly,  roaches  tho 

awer  limbs;  in  some  rare  instances  only,  it  affects  tho  lower  extremities 

icfore,  or  simultaneously  with,  the  upper  extrendties.     It  usually  cciiseB 

p  the  order  in  which  it  begins:  tirst  at  the  head,  then  in  tho  upper 

|3itremities,  and  lastly  in  tho  lower  extremities.     It  never  commences 

tarlier  than  ten  minutes,  and  never  later  than  seven  hours  after  death; 

Bid  its  duration  is  greater  in  proportion  to  the  lateness  of  its  accession. 

Mi  is  developed  during  the  pjissage  of  a  muscular  iibre  into  the  condi- 

DQ  of  rigor  mortis. 

Since  rigidity  does  not  ensue  until  muscles  have  lost  the  capacity  of 
sing  excited  by  external  stimuli,  it  follows  that  all  circumstances  which 
lase  a  speedy  exhaustion  of  nniscular  irritability,  induce  an  early  oc- 
Irrence  of  the  rigidity,  while  conditions  by  which  the  disappearance  of 
18  irritability  is  delayed,  are  succeeded  by  a  tardy  onset  of  tins  rigidity. 

rnce  its  speedy  occurrence,  and  equally  speedy  departure  in  the  bodies 
persons  exhausted  by  chronic  diseiises;  and  its  tardy  onset  and  long 
fcnti nuance  after  sudden  tleath  from  acute  diseases.  In  some  cases  of 
idden  death  from  lightning,  violent  injuries,  or  paroxysms  of  passion, 
jor  mortis  has  1>oen  said  not  to  occur  at  all;  hut  this  is  not  always  the 
4e.  It  may,  indeed^  be  doubted  whether  there  is  really  a  complete 
Innce  of  the  post-mortem  rigidity  in  any  such  cases;  for  the  experi- 
Bnts  of  Brown-Sequard  make  it  jirobablc  that  the  rigidity  may  supervene 
Imediately  after  death,  antl  then  pass  aw^ay  with  such  rapidity  as  to  bo 
hroely  observable. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previons  exist- 
ce  of  paralysis  in  a  part,  provided  the  paralysis  has  not  been  attended 
th  very  imperfect  nutrition  of  tlie  muscular  tissue. 

The  rigidity  affects  the  involuntary  as  well  as  the  vohintary  muscles, 
(ether  they  he  constructed  of  striped  or  unstriped  fibres.  The  rigidity 
involaiitary  muscles  with  striped  fibres  is  show^i  in  tho  contraction  of 
I  heart  after  death.  The  contraction  of  the  muscles  with  unstriped 
pes  is  shown  by  an  experiment  of  Valentin,  who  found  that  if  a  grad- 
ed tube  connected  with  a  portion  of  intestine  taken  from  a  recently- 
ed   animal,  be  fdlcd  with  water,  and  tied  at  the  opposite  end,  the 

r  will  in  a  few  hours  rise  to  a  considerable  height  in  the  tube, 
to  the  contraction  of  the  intestinid  walls.     It  is  still  better  shown 
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in  the  arteries,  of  which  all  that  hare  miiicnlar  coata  oontnefc 
death,  and  thus  present  the  ronndness  and  oord-like  feel  of  the 
of  a  limb  hitely  removed,  or  those  of  a  body  recently  dead.  Salneqaflifif 
they  relax,  as  do  all  the  other  masdes,  and  feel  lax  and  flabbyt  nih 
as  if  flattened,  and  with  their  walla  nearly  in  contact. 

Action  of  the  Voluntary  Muscles. 

The  greater  part  of  the  yolnntary  mnscles  of  the  body  act  ss  nmai 
of  power  for  moving  levers, — ^the  latter  consisting  of  the  varidiu  bmeiti 
which  the  muscles  are  attached. 


Bzaoiples  of  the  three  orders  of  levtfs  ia  the  Homaa  Bo^j.— AOIsfmlM 
been  divided  into  three  kinds,  aoooiding  to  the  relative  positicn  of  the  pomt, 
the  weiffht  to  be  moved,  and  the  sate  ^smMm  or /Wlennn.  In  a  lefvofii 
Jhm  kind  the  patoer  Is  at  one  extrasBlty  of  the  lever,  the  wd§^  at  the  oOit 
and  tiie  fiUarum  between  the  two.  If  the  initial  letlefs  only  of  the 
loetghf,  and  fuierum  be  used,  the  arrangement  wili  stand  thus :— P.  F.  W. 
poker  as  ordinarily  used,  or  the  bar  in  fig.  888.  may  be  cited  as  an  eni 
this  variety  of  lever;  while,  as  an  instance  in  which  the  bones  of  dw 
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Fig.  888. 

skeleton  are  used  as  a  lever  of  the  same  kind,  may  be  mentioned  the  aok  i 
raising  the  body  from  the  stooping  posture  by  means  of  the  hamstring  i 
attached  to  the  tuberosity  of  the  ischium  (fig.  888). 

In  a  lever  of  the  second  kind,  the  arrangement  is  thus :— P.  W.  F. ;  andtU 
leverage  is  employed  in  the  act  of  raising  tibe  handles  of  a  wheelbarrow,  or  I 
stretching  an  elastic  band,  as  in  fig.  389.  In  the  human  body  the  act  of  op< 
ing  the  mouth  by  depressing  the  lower  jaw  is  an  example  of  the  ssme  Idsfr  . 
the  tension  of  the  muscles  which  close  the  jaw  representing  the  wbV 
(fig.  339). 

In  a  lever  of  the  tliird  kind  the  arrangement  is — F.  P.  W.,  and  tibesokl 
raising  a  pole,  as  in  fig.  840,  is  an  example.  In  the  human  body  theiei 
oum«rQU9  examples  of  the  employment  of  this  kind  of  leverage.    TheaiA<    ^4 
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ng  the  fore* arm  may  be  mentiotietl  as  an  uistaace  (fig.  S4D).  Tbe  act  of 
^  is  another  example. 

t  tlie  aiikl«  we  have  eiamplea  of  all  three  klnda  of  lever,  lat  kind — Ex- 
Qg  the  foot,  3d  kind— Flexing  the  fotH.  In  hotli  these  caaea  the  foot 
senls  the  weight:  the  ankle  joint  the  fukTmn,  the  power  being  the  f'alf 
les  in  the  drat  ciise  aud  the  libialls  auticua  in  the  second  caac.     2d  kiud— 


'      1     I 


I 


Tig,  aaa 


I  the  body  is  rained  on  tiptoe.  Here  tbe  ground  is  tbe  fulcrum,  the 
it  o(  the  t>ody  acting  at  the  ankle  joint  the  weight,  and  the  calf  musclea 
ower, 

Ibe  humaD  bjdy,  levers  are  most  frei|ueiHly  iii*ed  at  a  ditiad vantage  as 
ds  power,  the  latter  being  Bacrifiecd  for  the  nuke  of  a  greater  range  of 
m.  Thus  in  the  diagrams  of  the  first  and  third  kinds  it  is  evident  that 
3wer  is  so  eUme  to  the  fulcrum,  that  great  force  must  be  exercised  in  order 
Kiuce  motiou.     It  is  al&o  evident,  however,  from  the  same  diagrama,  that 


J 


f1(f.  340. 

5  cloeenesa  of  the  power  to  the  fulcrum  a  great  range  of  movement  can 
aed  by  means  of  a  i  omparatively  slight  Hliorteuing  of  the  nmacutar 


|uie 


be  greater  namber  of  the  more  important  muscular  actions  of  the 
,n  body — those,  namely,  whit^h  are  arranged   harmoniously  so  as  to 

8e  some  detiaite  purpose  or  otber  in  the  animal  economy — are  de- 
in  various  parta  of  this  work,  in  the  sections  which  treat  of  the 
ok»gy  of  the  processes  by  which  these  muscular  actions  are  resi^ited 
rried  out.  There  arc,  however,  one  or  two  very  important  and 
rhat  complicated  mu^culur  acts  which  may  be  best  deacribed  iu 
lace. 
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Walking,— In  th*^  r.rt  of  wallfinft.  .'>lmo«t  evpry  volimtniy  muscle  in  liiebodf 
ifl  brouj^ht  into  play,  either  directly  for  iiurj^oses  of  prcigrenion*  or  mdirert^ 
for  the  proper  balancing  of  tlie  head  and  trunJc.  The  muscles  of  the  annf  in 
leaat  ooncemed ;  but  even  these  are  for  the  most  part  iBstinctiTely  in  acdoo  M 
some  extent. 

Among  the  ckief  muscles  engaged  directly  in  the  act  of  w&lking  are  tboefll 
the  ealf.  which,  hy  pulliog^  up  the  heel,  poll  up  also  the  astragaJus.  and  within 
of  course,  the  whole  Ixxly,  the  weight  of  which  is  transmitted  throut^h  thr 
tibia  to  thj»  Ijone  (fig.  Ml).  When  starting  to  walk,  say  with  the  lef;  It^ 
this  raising  of  the  body  i»  not  left  entirely  t^i  the  muscles  of  tlie  left  calf,  bul 
the  trunk  ia  tlirown  fon*'ard  in  such  a  way,  tliat  it  would  fall  pmstmle  iw 
it  not  that  the  right  foot  i»  brought  forward  and  planted  on  the  ground  to  sop- 
port  it  Thus  the  muscles  of  the  left  calf  are  atisiBted  in  their  action  hf  tfaoK 
inuacleson  the  front  of  the  tnmk  ami  legs  whieh,  by  their  contractian,  pnlltk 
body  forward ;  and.  of  course,  if  thn  trunk  form  a  slanting  line,  witli  tke  k^ 
elination  forward,  it  is  plain  that  when  the  heel  is  raisod  by  the  calfniiBcka 


thh  whole  body  will  be  raised,  and  pushed  obliquely  forward  and  upwui 
The  succefisivo   acts  in  taking  tlie  first  etep   in  walking  are  represeoled  in  j 
fig    837»  1.  2,  3, 

Now  it  is  evident  that  l>y  thf  time  the  iKxiy  has  assumed  the  position  No,  ^ 
it  18  time  that  tlie  right  Irg  shuuM  In*  brought  forward   to  support  it  Rnd  ja^  ^ 
vent  it  from  faHiiig  prot^trat*\     Thii*  advance  of  the  other  leg  (in  thiscaaet 
right)    is  eiTected  j^wirtly   by   its  niechanically  frwinging  forward,   pendn 
wise,  and  partly  by  niuscuUir  action  ;  the  muscles  used  being — Ut,  those  oal 
front  of  the  thigh,  which  bi>ud  tht*  thigh  forward  on  the  j*elvis,  ^pectallTl 
roc  tun  fern  oris,  witli  the  psoas  and   the    iliacua ;   *d/j/,  tlie  hamstring  muscl*! 
which   slightly   bend   thi*  kg  on   the   tliigh;    and,    3dly,    the  muscle  oo  t^J 
front  of  the  kg,  which  raise  the  front  of  the  foot  and  toes^  and  so  prevent ti»| 
latter  in  swinging  fcjrward  from  hitching  in  the  gi\iund. 

The  second  part  of   the  a(M:  of  walking,  which  has  been  just  describftlilj 
shown  in  the  dingraju  (4,  fig.    341). 

When  the  right  foot  has  reached  the  ground  the  action  of  the  left  leg  ha* ■ 
ceaaed.     The  calf-muscles  of  the  latter  continue  to  act»  and  by  pulling  o?» 
heel,  throw  the  l>ody  still  more  fi>rward  over  the  Hght  leg,  now  bearing  DAitf] 
the   whole  weight,  uutil   it   is  time  that   in   itn  turn  tlie  ft/f  leg  slioald  swiljj 
forwaril,  and  the  left  fi»ot  be  planted  on  the  ground  to  ijrevent  the  body  i 
falling  prostrate?.     As  at  fii-st,  while  the  calf- muscles  of  one  leg  and  I 
prepfiring,  so  to  speak,  to  pnnh   the  Inuiy   forward   and   upward  from 
by   raiKing   the   heel,  the  mnsrli^s  on  the  ft^ant  of   the  trunk  and  the  i 
(and  of  the  other  leg.  except  when   it  is  swinging  fon**a«i)    are  helpioj! 
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putSMng  the  legs  and  trunk,  so  as  to  make  tb^ra  incline  forward,  the 
1  in  thi*  inelioing  forwanl  l>eiug  offi^eti-d  mainly  at  tlie  aaklt^  joint. 
mn  kinds  of  leverage  are,  therefore,  employed   iti  the  aet  of  walking, 

thii*  idea  bo  tirnily  KTa*n>eil,  the  details  will  Im?  underfttood  with  com- 
e  eaae.  One  kind  of  h^verage  employed  in  walking  is  essentially  the 
ith  that  eiMiiloyed  in  pulling  forward  the  jwle,  aa  in  fig.  3^0.  And  the 
ism  exactly,  is  tliat  employed  in  rait^rtig  the  liandles  of  a  wheelbarrow, 
apposing  the  lower  end  of  the  [xjle  to  be  placed  in  the  harrow,  we 
have  a  very  rough  and  inelegant,  but  not  altogether  bad  ropreseDtation 

two  main  levers  employed  in  the  act  of  walking.  The  body  is  pulled 
I  hy  the  muscles  in  frunt,  much  in  the  same  way  that  the  pole  might  be 
force  applied  at  P.,  while  the  raising  of  tiie  heel  and  pnshing  forward 
ifunk  liy  the  calf- muscles  is  roughly  represented  on  raising  the  haudlee 
barrow.  The  manner  io  which  these  actiooa  are  performed  alterootely 
h  leg.  BO  that  one  after  the  other  is  swung  forwanl  to  supp*irt  the 
which  is  at  the  same  time  }vtnhc4  and  pulled  forward  t>y  tiie  muscles 
)ther,  may  be  gathered  from  the  the  previous  descriptioiL 


H- 


ri^.  343. 

►  more  thing  to  lie  es^»ecia]ly  noticed  in  the  act  of  w^alking.  In- 
bodj  ie  being  conwUintly  supported  aud  Iwilaueed  on  each  ieg 
iely,  and  therefore  on  only  one  at  the  same  moment,  it  in  evident  that 
lust  lie  8ome  provision  made  for  t!n"owiug  the  centre  of  gravity  over  the 
Bupi»t-*rt  formed  by  the  bones  of  eiwh  leg,  as,  in  it»  turn,  it  supi>i>rt8  tlie 
of  the  body.  This  may  bt^  ditne  in  various  ways,  and  tlie  manner  in 
It  ia  effected  is  one  element  in  the  differences  which  exist  in  the  walk- 
ifferent  people.  Tims  it  may  be  done  liy  an  instinctive  slight  rotation  of 
iria  on  tlie  head  of  each  femur  in  turn,  in  such  a  manner  that  tlie  centre 
ity  of  the  ho<ly  «ball  fall  over  the  hmi  of  this  side.  Thus  when  thebxlj 
gd  onward  and  upward  l»y  the  raiding,  say,  tjf  the  right  heel,  as  in  fig. 
the  jjelviH  is  in.stinctively  l»y  vnrious  rnusclesi  made  to  rotate  on  the 
tiie  left  feijuir  ut  the  acetabulum,   to  the  left  side,  so  that  the  weight 
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nmy  fall  over  tho  lioe  of  support  formed  by  the  left  leg  at  Ihe  time  tiiat  tht 
Hght  le^  tK  switif^inf;  forward,  and  leaving  all  the  work  of  support  to  fall  on 
iU  fellow.  Such  a  **  nicking"  movement  of  the  trunk  and  peliris,  howe^w ,  M 
acroiiipanied  hy  a  niovenieot  of  tht!  whole  tnink  and  leg  over  the  foot  whici 
IB  beitiK  plaiittnl  on  tin*  ^;roiaHl  ^fig.  'M2)\  the  action  being  accompanied iritb 
a  oomju^Uf^atory  outward  niovt*meut  at  the  hip,  more  easily  appreciatMl  bf 
looking  at  the  Hgure  (in  which  this  movement  ia  shown  ejca^eimied)  liitt 
deticribed. 

Thus  the  lx>dy  m  walking  is  continually  rising  and  swaying  alteniiMf 
from  one  side  to  the  other,  as  its  centre  of  gravity  has  to  be  brought  sitenuietf 
over  one  or  other  leg ;  and  the  curvatures  of  the  spine  are  alten*d  in  WWi^ 
spondence  witli  the  varying  iKwitiou  of  the  weight  which  it  has  to  support.  TW 
extent  to  which  the  IhmIv  jk  rai»iHi   or  swayed  differs  much  in  different  peflpk 

In  walking,  one  f*K»t  or  the  other  is  always  on  the  ground.  The  act  of  leapisf 
or  jumping,  connistw  in  so  Midden  ft  raising  of  the  hock  hy  the  shar]^  andstpjog 
coDtraction  of  the  calf-musfles.  that  thf  l^wly  is  jerkeil  off  the  ground.  At 
flame  time  the  cffct^t  is  much  increased  by  iirst  lieuding  the  thighs  on  the 
vis,  and  the  legs  on  the  thighs,  and  then  suddenly  {straightening  out  tlie  sni^ki 
tlius  fi3rmcd.  The  shar«»  whicli  this  iiction  has  in  producing  the  effet^t  uiajta 
easily  known  by  attempting  to  leap  in  tlie  upright  posture,  with  the  leg*qfli» 
straight. 

Running  is  performed  by  a  series  of  rapid  low  jumps  witli  each  I 
nately  ;  so  that,  during  each  complete  muscular  act  cxsnoenied*  there  is  a  ruoniefit 
when  lx4h  feci  are  otf  the  ground. 

In  all  these  cases,  however,  the  description  of  the  manner  in  which  Mf 
given  elTect  is  produced,  «'an  give  hut  a  very  imfierfect  idea  of  Ihe  infinili 
number  of  condiim^l  and  harun>D!OUsly  arranged  muBcular  C(xn tractions  wkick 
are  necetwary  fur  even  the  simplest  acts  of  IrMomotiou. 

Action  of  the  Involuntary  Muscles. — The  inTohintary  mnsctaj 
are  for  the  most  part  not  aitaclicd  to  hones  arrunged  to  act  as  leters,  I 
enter  into  the  forrnution  of  such  liollow  purts  as  require  a  diminution « 
their  calibre  by  nuiscular  action,  nnder  imrtiruU'ir  eircumetiuiccs.  Ki- 
amples  of  this  action  aro  to  be  fonnd  in  the  intestines,  urinary  bladdtff 
heart  and  blood-vesse^  gall-hlHtlder,  gland-dnets,  etc. 

The  dillerenee  in  the  manner  of  contraction  of  the  striated  and] 
striated  lihres  hits  hecn  already  referred  to  (jj*  5M5J ;  and  the 
vermicular  or  peristaltic  action  of  the  latter  fibres  has  also  been  de 


Electrical  Cukrents  in  Nerves. 

The  electrical  condition  of  nerves  is  so  closely  connected  with  j 
phenomena  of  muscnhir  contraction,  that  it  will  he  convenient  to  ( 
eider  it  in  the  jiresent  chapter. 

II  a  piece  of  nerve  be  removed  from  the  body  and  subjecteti  toe»ci^-' 
nation  in  a  way  siniihir  to  that  adopted  in  tho  case  of  muscle,  which  bai 
been  deseriljed,  electrical  currents  are  found  to  exist  which  corre«fi>BdJ 
exactly  to  the  demarcation  currents  of  innscle,  and  which  lire 
demarcation  currents  of  nerve  or  currents  of  injury,  as  in  the  cusei 
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le.  One  poiut  (eqinitor)  on  the  Biirface  being  positive  to  all  other 
ints  nearer  to  the  cut  emls,  and  the  greatcet  deflection  of  the  needle 
Ibe  galYaDonietcr  taking  place  when  one  electrode  is  applied  to  the 
later  and  the  other  to  the  centre  of  either  cut  end.  As  in  the  case  of 
lecle,  these  nerve  cnrrents  nndergo  a  negative  variation  when  the 
r?e  is  stimulated,  the  variation  being  mom  en  tar j^  and  in  the  opposite 
rectiou  to  the  natural  currents;  and  are  similarly  known  as  the  cur- 
Its  of  action.  The  currents  of  action  are  propagated  in  both  direc- 
iis  from  the  point  of  the  application  of  the  stimuluBj  and  are  of 
imeutary  duration. 

Rheoscopic  Frog.— This  negative  variation  may  be  rtemnimlratcd  by  means  of 
I  follow iDg  cxfK?ri merit.  Tiie  new  eurreiit  producer!  tjy  stimuUting  the  nerve 
^ne  nerve  niUBcle  preparation  maybe  used  to  atimulate  tlic  nerve  of  a  second 
■ve-muAcle  preparation.  The  foreleg  of  a  frog  with  the  nerve  going  to  the 
ItrocDemius  cut  long  is  iilacf^d  upon  a  glass  plate,  and  arrauKed  in  stich  waj: 
t  its  nerve  toucheH  in  two  placeh*  the  sciatic  nerve,  exp«:>sed  but  preserved 
0Uu  in  the  opposite  tJiigh  of  tlie  frog.  The  electrodes  from  nu  induction 
I  are  placed  behind  the  sciatic  nerve  of  the  second  pref*aration,  higli  up. 
.stimulating  it  with  a  single  induction  slK»c"k,  the  niueclea  not  only  of  the 
le  leg  are  found  to  undergo  a  twjtcli,  but  also  those  of  the  first  preparation^ 
lough  this  is  not  near  the  electr<!^leH,  and  st)  the  stimulation  cannot  l)e  due 
11  escape  of  the  current  into  the  tirst  nerve.  This  experitnent  ia  known 
fer  the  name  of  the  rheoHcopic  frog. 

Nenre-stimuli* — Xerve-tibres  require  to  be  stimulated  before  they  can 
nifest  any  of  tlieir  properties,  since  they  have  no  power  of  themselves 
generating  force  or  of  originating  impulses.  The  stimuli  which  are 
kable  of  exciting  nerves  to  action  are,  aa  in  the  case  of  rausclc,  very 
Brae.  They* are  very  similar  in  each  case.  The  mechanical,  chem- 
,  thermal,  and  electric  stimuli  which  may  be  nsed  in  the  one  case 
alec,  with  certain  dilTerences  in  the  methods  emphiycd,  eflicacious  in 
I  other.  The  ehemieal  stimuli  are  chieHy  these:  withdrawal  of  water, 
)y  drying,  strong  soUitions  of  neutral  &nlis  of  potassium,  sodium,  etc., 
>  inorganic  acidn*  exce]jt  phosphoric;  some  organic  acids;  ether, 
)roform,  ami  Idle  salts.  The  electrical  stimuli  employed  are  the 
action  and  continuous  currents  concerning  which  the  observations  in 
(rence  to  muscular  contraction  should  be  considted.  Weaker  elec- 
lal  stimuli  will  excite  nerve  than  will  excite  mnscle;  tlie  nerve  stimuli 
ears  to  gain  strength  as  it  descemls,  and  a  weaker  stimulus  applied 
from  the  muscle  will  have  the  same  effect  as  a  stronger  one  applied 
he  nerve  near  the  muscle. 

[t  wrill  be  only  necessary  here  to  add  some  account  of  the  efferi  of  a 
iani  currettf^  such  iis  that  obtained  from  a  DanielTs  battery,  upon  a 
fe.  This  effect  may  be  studied  witti  the  apparatus  described  before, 
lirof  electrodes  is  placed  behind  tlie  nerve  of  the  nerve-muscle  prep- 
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arution^  with  t»  Du  Bols  lieymond'B  key  arraaged  for  lahort  elrcaitiztg 
tliu  batt4?ry  current,  in  mdi  a  wuy  that  wlifO  the  key  is  opened  the  cor- 
runt  is  80ut  into  the  iierve^  and  when  closed  the  current  is  cut  ol    It  i 
will  be  found  thtit  with  a  current  uf  moderate  strength  there  irill  bei  i 
contraction  of  the  musclo  both  at  the  opening  and  at  the  closng  of  ik  | 
key   (culltrd  respe< lively   making  and  Ifrmking  contractions),  bul  thst 
during  the  interval  between  these  two  events  the  muscle  remains  flaccid, 
provided  the  battery  current  continues  of  constant  intensity.    If  tb» 
current  be  a  very  weak  or  a  very  strong  one  the  effect  is  not    i 
aamu;  one  or  other  of  the  contractions  may  be  absent.     Which  ^. 
contractions  is  absent  depends  upon  another  eircumstanoe,  m.,  ttej 
dit'ecHon  of  the  current.     The  direction  of  the  current  may  be  ( 
or  de^cendinfj:  if  ascenJiug,  the  anode  or  positive  pole  is  netrerl 
muscle  than  the  cathode  or  negative  pole,  and  the  current  to  retail  i 
the  battery  has  to  pans  up  the  nerve;  if  descending,  the  positioTi  o(  I 
electrodes  is  reversed.     It  will  be  necessary  before  considering  tbii* 
tion  further  to  retnrn  to  the  apparent  want  of  effect  of  the  oonfftanK 
rent  during  the  interval  between  the  make  and  break  contractioD:  toi 
appearances  no  change  is  produced >  but  in  reality  a  very  important  alti«-j 
ation  of  the  irritability  and  condtictivify  is  brought  about  in  the  nemJ 
by  the  passage  of  this  constant  (polarizing)  current.     This  may  IhjsLowiiJ 
in  two  wayj?,  first  of  all  by  the  galviinonieter.     If  a  piece  of  nenel 
taken»  and  if  at  either  end  an  arningement  be  made  to  test  the  electridl] 
condition  of  the  nerve  by  means  of  a  pair  of  non -polar izable  electrode 
connected  with  a  galvanometer,  while  to  the  central  portion  a  paif<itJ 
electrodes  couuecttjd  with  a  DaDiell's  battery  be  applied,  it  will  l>e  faondj 
that    the  demarcation    nerve-currents  are    profoundly    altered  oti 
passage  of  the  constant  current  in  the  neighborhood.     If  the  polarixlDj 
current  bo  in  the  stime  direction  as  the  latter  the  demarcation  current i 
increast»d,  but  if  in  the  direction  opjaosite  to  it,  the  demarcation  cuntDlJ 
is  diminished.     This  change*  produced  by  the  continual  passage  of  i 
battery-current  through  a  portion  of  the  nerve,  ia  to  be  distinguie 
from  the  negative  variation  of  the  demarcation  current  to  which  alio 
has  been  already  made,  and  which  is  a  momentary  change  occurring  < 
the  sudden  application  of  the  stimulus.     The  condition  prodticod  bvl 
passage  of  a  constant  current  is  known  by  the  name  of  Hlectrotonus. ' 

A  second  way  of  showing  the  effect  of  the  pohu*izing  current 
taking  a  nerve-muscle  preparation  and  applying  to  the  nerve  a  ] 
electrodes  from  an  induction  coih  while  at  a  point  further  removed! 
the  muscle,  elecrtrodes  from  a  Danicirs  battery  are  arranged  with  1 1 
for  short  circuiting  and  an  apparatus  (roverser)  by  which  the  bati 
current  may  be  reversed  in  direction.     If  the  exact  point  be  asccr 
to  which  the  secondary  coil  should  be  moved  from  the  primary  co 
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\T  that  a  minimum  contractioo  be  obtained  by  tbe  inductioQ  shock, 

the  secondary  eoil  be  removed  giightly  further  from  the  primary, 

induction  current  cannot  now  produce  a  contraction;  but  if  the 

irizing  current  be  sent  in  a  descending  direction,  that  is  to  say,  with 

cathode  nearest  the  other  electrodes,  the  induction  current,  which 

before   insufficient,   will   prove  sufficient  to   cause  a  contraction; 

tehj  indicating  that  with  a  descending  current  the  irritability  of 

nerve  is  increased.     By  means  of  a  somewhat  similar  experiment  it 

y  be  shown  that  an  aaceoding  current  will  diminish  the  irritability 

a  nerve.     Similarly,  if  instead  of  applying  the  induction  electrodes 

ow  the  other  electrodes  they  are  applied  between  them,  like  effects 

demonstrated,  indicating  that  in  the  neighborhood  of  the  cathode 

irritability  of  the  nerve  is  increased  by  the  passage  of  a  constant 

rrent,  and  in  the  neighborhood  of  the  anode  diminished.     This  in- 

in   irritability   is   called    katelectrotonus,    and   similarly   the 

Tease  is  called  anelectrototius.     As  there  m  between  the  electrodes 

ban  increase  and  a  decrease  of  irrital^ility  on  the  passage  of  a  po- 

ziug  current,  it  must  be  evident  that  the  increase  must  shade  off  into 

decrease,  and  that  there  must  be   a  neutral  poini   where  there   is 

ler   increase   nor   decrease   of   irritability.     The   position   of   this 

tral  point  is  found  to  vary  with  the  intensity  of  the  polarizing  cur- 

when  the  current  is  weak  the  point  is  nearer  the  anode,  when 


813.  — Dla^irrani  illufftratinK  the  effectn  of  various  iotensltiefi  of  the  pol trial ng  ciUTetitB. 
_  *rwt';  a^  noode :  k^  kAthude :  the  cunr«s  abore  indicate  Increosti,  and  those  below  decreiiae 
Cabilitj,  and  when  the  current  Is  sm&U  the  Increase  and  decreuiae  BJre  both  small,  with  the 
H  point  n«ar  a,  and  bo  on  as  the  current  is  increoaed  is  streo^lL 

ig  nearer  the  kathode   (fig.  343) ;  when  a   constant  current  passes 

nerve,  therefore^  if  a  contraction  result,  it  may  be  assumed  that 
doe  to  the  increased  irritability  produced  in  the  neighborhood  of 

thode,  but  the  breaking  contraction  must  be  produced  by  a  rise 
Titability  from  a  lowered  state  to  the  normal  in  the  neighborhood 
le  anode.  The  contractions  produced  in  the  muscle  of  a  nerve- 
le  preparation  by  a  constant  current  have  been  arranged  in  a  table 

is  known  m  Pfluger's  Law  of  Contractions.     It  is  really  only  a 

III t  as  to  when  a  contraction  may  be  expected : — 
35 
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DsacnfDUKi  Crmawrr. 

Make. 

Bfmik. 

Make 

BthL 

Wimk ,..  ....1 

Modemte..... ....* 

Ym, 
Yes. 

No, 
Ym. 

No.        1 

N0.          i 

Nik 

^t^T'QZlIC  ,i^*4F**«tt^*»    ***■»< 

DariDg  the  passage  of  a  coDitant  current  throngb  a  serve  aod  Ismi 
diatelj  after  ita  ceafiation,  there  la  a  change  in  the  conduetiviitaf 
aa  of  the  irntabilit}'  of  tbo  nerve  at  the  anode  and  kathode  reepecti 
During  the  passage  of  the  cuirenti  the  condnctiTity  is  increase  aI 
kathode  and  decreased  at  the  anode.     After  tb@  passage  of  tLeeii 
the  effect  is  reversed*     With  strong  currents  the  area  of  decreased 
duolivit;  may  be  sufficient  to  act  as  a  block,  preventing  ths  paatgt 
impalses  over  it. 

The  foregoing  statements  ocneeming  the  changes  prodticd  n 
nerve  bj  the  passage  of  a  constant  cnrrent  muj  be  briefly  Bummiriiii 
follows : 

I>  A  nerve  Is  more  irritable  to  the  closing  ol  a  oonatant  <sarratit 
it  is  to  the  opening  of  a  constant  current. 

IL  During  the  passage  of  the  current  through  the  nerve^  boti 
irritability  and  couductivity  are  increased  at  the  kathode  and  deem 
at  the  anode. 

III.  After  the  passage  of  the  current,  the  irritability  and  coni 
tivity  are  both  decreased  at  the  kathode  and  increased  at  the  anod^ 

8oraeti tries  (when  the  preparation  is  Hpecially  irritable?)  iusieajd 
simple  contraction  a  tetanus  occurs  at  the  make  or  break  of  the 
current.  This  is  especially  liable  to  occur  at  the  break  of  a  itroag 
cending  current  which  has  been  passing  for  some  time  into  th@  p 
tion ;  this  is  called  Ritter's  tetaaus,  and  may  be  increased  hy 
a  current  in  an  opposite  direction  or  stopped  by  pacing  a  cariBDtiii 
same  direction. 

Thb  Effect  of  Batteby  Gubbxkib  ok  Nobical  Hcjmak  Ni 


The  following  account  is  condensed  from  Lombard  in  "^  An 
Text-book  of  Physiology." 

As  au  electric  current  cannot  be  applied  to  living  bnman  ntrf^ 
rectlj,  it  is  applied  to  the  skin  along  the  course  of  the  nerve.    Tb* 
rent  passes  from  the  anode  or  positive  pole  through  the  akin,  and  i 
out  iu  the  tissues  much  as  the  bristles  of  a  brush;  it  tlien  gn 
concentratea  and  leaves  the  skin  at  the  kathode  or  negative  pole. 
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In  addition  to  the  physical  anode  and  kathode  of  the  battery >  there 
what  are  called  physiological  anodes  and  kathodes.  There  is  a 
rsiological  aoode  at  ever  1/  point  whore  the  current  enters  a  nerve,  and 
rhysiological  kathode  at  ereri/  point  where  it  leaves  it. 
Generally  when  the  current  ia  applied  to  nervea  through  the  akin, 
y  part  of  it  flows  longitudinally  along  the  nerves;  most  of  it  passes 
gonally  throngh  them  to  the  tissues  below.  Thus  it  happens  that  in 
(t  part  of  the  nerve  beneath  either  tlie  physical  anode  or  kathode^ 
iDpa  of  physiological  anodes  aod  kathodes  are  found. 
The  contraction  which  oocnra  when  th©  current  i a  closed  (closing  con- 
Hian)  represents  irritation  at  the  physiological  kathotk^  while  the 
%iH4f   c&nt ruction   represents  irritation   at   the   physiological  anode. 


>  there  are  physiological  anodes  and  kathodes  beneath  each  elec- 
f,  one  or  more  of  four  conditions  may  arise: 

,  Anodic  closing  contraction^  i.e,^  the  effect  of  the  change  developed 
^e   physiological    kathode,    beneath    the   physical  .anode    (positive 


-DIaffrani  of  Bkiji  and  nublacent 
lv«  dbctrocla  or  phjsiJciil  KaChck 
(Afler  Waller.) 


_     A-,  the  poflfd  ve  electrode  or  t»hyilc&]  imode; 

Signs +,  pfijKioioglGal  anodes;  ti^uA  -,  pliyalo- 


»• 


>. 


Anodic  opening  contraction,  iw.^  the  effect  of  the  change  devel- 
at  the  physiological  anode,  beneath  the  physical  anode  (positive 


.  Kathodic  closing  contraction^  i.e.,  the  effect  of  the  change  devel- 
at  the  physiological  kathode,  beneath  the  physical  kathode  (nega- 
>ole). 

MaiMdic  opening  contraciiony  t.«,,  the  effect  of  the  change  devel- 
at  the  physiological  anode,  beneath  the  physical  kathode  (negative 


fho  following  abbreviations  of  these  contractions  are  used;  AGO, 

KCC,  Koa 

be  closing  contractions,  KOO  and  ACO»  are  stronger  than  the 
}fgg  contractions,  KOO  and  AOC.  Of  the  closing  contractions, 
is  stronger  than  AGO.  Of  the  opening  contractioua,  AOO  is 
er  than  KOC.  These  facts  are  also  shown  in  a  table  of  the  effects 
dually  increasing  the  strength  of  the  current. 
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^^^^^—^                                 W«Ak  cuTTHOU.                    Medium  ciureatfl.                     fitroof  cmiifc 

^^W    '                      KCO                        ECO                        ECC 
^^H                                                         ACC                        AGO 
^^H                          < AOO                        AOO 

^^m                 — ^                                    Koo 

^^m           Sometimes  AOC  is  stronger  than  AOO. 

^^M                 Id  diseases  which  cause  degeDeration  of  the  nerrea  goicg  toamuo 
^^H           etimuktion  canses  results  differetit  from  the  above,  and  wegetwlit 
^^^^      koown  as  the  rmciion  of  degetheraiion. 

^^^^1                                       HUBOITLAR  AKB  NSRTOtJS  MeTABOLISII. 

^^^^H           The  question  of  the  metabolism  of  muscle  both  in  a  resting  and  iai 
^^^^^      active  condition  has  for  many  years  occupied  the  attention  of  phji 
^^M           gists.     It  cannot  be  said  even  now  to  be  thoroughly  understood.   )^| 
^H           of  the  facte  with  reference  to  the  subject  have  been  already  mentJottJ 
^^1           We  may  shortly  recapitulate  them  here: — First,  muscle  during rerifl 
^^H           sorbs  oxygen  uud  gives  out  carbon  dioxide.     This  has  been  shown  bffl 
^^H           analysis  of  the  gases  of  the  blood  going  to  and  leaving  muacles.    Dn^f 
^^B           activity,  e.  g,^  during  tetanus,  tlie  same  interchange  of  gases  takes flH 
^^m           but  the  quantities  of  the  oxygen  absorbed  and  of  the  carbon  di^^H 
^^H           given  up  are  increased,  and  the  proportion  between  them  is  altered  tl^H 

^^H                                       Yeoous  BlcMMl, 

O,  lew  thAit  Arterial 
Blood. 

Blood.  ^H 

^^H             Of  restinf^  muscle 

0  per  cent 

^71  perc^tW 

^^H             Of  active  muscle 

12,  ae  per  cent. 

10.70  perontH 

^^M                There  is  then  a  greater  proportion  of  carbon  dioxide  prodaodiS 
^^B           muscle  during  activity  than  during  rest.                                               B 
^^H                 During  rigor  mortis  there  is  also  an  increased  production  of  ^IV| 
^^m          dioxide.                                                                                                   ■ 
^H                 Second,  muscle  during  rest  produces  nitrogenons  erystallixable  H 
^^^           stances,  such  as  kreatin,  from  the  metabolism  which  is  constantly  goH 
^^B           on  in  it  during  life;  in  addition  there  is  in  all  probability  saro(rfifl| 
^^B           acid  formed  and  other  non-nitrogenous  matters.                                   wk 
^^1                 During  activity  the  nitrogenous  substances,  such  aa  kreatin,  undM 
^^M           very  slight,  if  any,  increase — about  the  amount  produced  during  rtM 
^^B           but  the  sarcolactic  acid  is  distinctly  increased;  sugar  (gluooeeU^H 
^^H           increased,  whereai  the  glycogen  is  diminished.                                ^H^ 

MUSCLE-NERVE    PHYSIOLOGY. 


549 


During  rigor  mortis  the  sarcolactic  acid  is  also  increased ,  and  in  ad- 
ion  myosin  is  formed. 

From  these  data  it  is  assumed  ihnt  the  processes  which  take  pUice  in 
liDg  and  active  muscle  are  somewliat  different,  at  any  rate  in  degree. 
pm  actively  contracting  muscle,  also,  tliere  are  ohtaincd  an  incrtiased 
mnt  of  heat  and  mechanical  work,  more  potential  is  converted  into 
etic  energy. 

Many  theories  have  been  proposed  to  erplain  the  facts  of  muscular 
It  has  been  euggeated  by  Herman  that  muscular  activity  de- 
^Bft-iipon  the  splitting  up  and  subsequent  re-formation  of  a  complex 
^^|inouB  body,  called  by  him  Inagen.  When  this  body  so  splits  up 
re  refinlt  from  its  decomposition,  carbon  dioxide^  sarcolactic  acid, 
a  gelatin o-albumiuou3  body.  Of  these  the  carbou  dioxide  is  carried 
ly  by  the  blood  Etreani ;  the  albuminous  substance  ami  possibly  the 
at  any  rate  in  part,  go  to  re-form  the  inogen.  The  other  materiali 
rbich  the  inogen  is  formed  are  supplied  by  the  blood;  of  these  mate- 
we  know  that  some  carbohydrate  substance  and  oxygen  form  a  part, 
decomposition,  although  taking  place  in  resting  muscle,  reaches  a 
in  active  muscle,  but  iu  titat  condition  the  destruction  of  inogen 
lely  exceeds  restoration,  and  so  tlierc  most  be  a  limit  to  muscular 
ity.  But  this  is  uot  the  only  change  going  on  in  muscle,  there  are 
which  affect  the  nitrogenous  elements  of  the  tissue,  and  from 
result  the  nitrogenous  bodies  of  wliich  kreatin  is  the  chief;  these 
Dges  may  be  unusually  large  during  severe  exercise. 
3t  has  been  further  suggested  tluit,  as  myosin  is  undoubtedly  formed 
rigor  mortis,  when  the  muscle  liecomes  acid  and  gives  off  cailxin 
jde,  that  myosin  is  also  formed  when  muscle  contracts,  and  that,  in 
words,  contraction  is  a  condition  akin  to  partial  death.  The 
arical  reaction  appears  to  justify  this;  both  contracted  and  dead 
(sle  are  negative  to  living  muscle,  when  at  rest.  What  happens  lo 
nyosin  which  is  formed  when  miiSL^Ie  contracts,  if  this  view  be  the 
Bct  one,  is  unknown.  Halliburton  suL^^gests  that  the  myosin  which 
be  made  to  clot  and  nnclot  easily  enough  outside  the  body,  is  able 
>  the  same  thing  in  the  body.  It  is  possible  that  the  clotting  of 
linogen  which  is  supposed  to  occur  during  contraction,  is  not  of  the 
intensity  or  extent  as  that  which  occurs  post  mortem.  The  rela- 
of  the  hypothetical  inogen  to  the  rest  of  the  muscle-fibre  is  unde- 
iuetl.  It  nniy  be  that  the  inogen  is  formed  by  the  activity  of  the 
le*l>rotoplasm,  aud  stored  up  within  itself,  and  that  during  rest  of 
e  it  is  gradually  used  up,  whereas  in  activity  it  is  suddenly  and 
lively  decomposed.     In  the  rest  of  the  fibre  the  nitrogenous  raeta- 

coDtinues  much  the  same  during  rest  as  during  activity. 
^guin,  histologically,  the  question  iis  to  w^hich  is  the  contractile  and 
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wbiob  is  the  noB-oontmctik  pari  of  musclet  hm  been,  as  we  batii 
(p.  86  ei  9$q,)^  ft  matter  cf  much  cQntroTem* 

As  regftrds  nervam  fmiaboUsm^  we  hare  little  knowledge  ot  ftnnb 
exoept  the  eleotrioal  plieBomena  which  haTe  been  already  conoid 
For  the  mftintenftnoe  of  nervous  irritability,  oxygen  is  required ;  1 1  form] 


this,  it  hftB  been  eaggested  that  the  nerrotia  impnlfia  u  the  r.^D 
prooeflBee  of  an  oxidative  character,  etc*     The  chief  seat  of  the  nie 
limi  ia  no  donbt  the  axia-Ksylind^*    The  question  whether  a  m 
iinpulfle  ia  poeubly  au  electrical  ch&nge,  ia  bm  been  asserted  by 
cannot  be  at  present  settled,  bnt  if  it  be  eo^  at  any  rate  it  differs  e 
ally  from  an  ordinary  curr^it,  il  in  no  other  reepeoi,  at  anorak  m 
rate  of  transmission,  ''         r 


i\ 


CHAPTER  XY. 

THE  PRODUCTION  OF  THE  VOICE 

Before  commencing  the  consideration  of  the  Nervous  system  and 
Special  Senses  it  will  he  convenient  to  consider  first  speech,   the 
luction   of  the  human   voice,   and  the  physiology  of  the  Larynx 
aerally. 

The  Larynx- —In  nearly  all  air-breathing  vertehrate  animals  there 
I  arrangements  for  the  production  of  sounds  or  vaice^  ia  some  parts  of 


,     fhe  eartllJiefiB  mntl  llgftment^  of  the  Iami)c,  Tl<?wpd  from  the  froBt™    n,  Eplirlottte;  h, 
_.  C  cwtUago  tiltlcA :  d.  tbn>-hyold  meriihniB*':  r,  .sinM-rlor  cornii  of  thyrfiW  rAnUase;  A 
Dtcb :  a^  potnum  AdAml :  lu  dloot^yrold  miimbranB ;  i.  Inferior  cornu  of  thyrotd  eurUlage ;  i* 
I  cftrdlaiEe,     (Cunalnfrbam.) 

respiratory  appanittis.     In  many  aninmis,  the  sound  admits  of  being 
ously  modified  and  altered  during  and  alter  its  production;  and,  in 
one  such  modification  occurring  in  obedience  to   dictates  of  the 
ibrum,  ia  speech. 

It  has  been  proved  by  observations  on  living  subjects,  by  means  of 
laryngoscope  (p.  558),  as  well  aa  by  experiments  on  the  larynx  taken 
d  the  dead  body,  that  the  sound  of  the  human  voice  is  the  result 
e  vibration  of  the  inferior  laryngeal  ligaments,  or  the  true  voeal 
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oordB  which  boand  the  glottis^  oaoBed  by  carrents  of  expired  tir  ii 
over  their  edges.     If  a  free  opening  exists  in  the  trachea,  the  Mwiid 
the  voice  ceases,  but  it  returns  if  the  opening  is  dosed.    An  oj 
into  the  air-passages  above  the  glottis,  on  the  contrary,  does  not 
the  voice  being  produced.     By  forcing  a  current  of  air  throoi^ 
larynx  in  the  dead  subject,  dear  vocal  sounds  are  dicited,  thoogh 
epiglottis,  the  upper  ligaments  of  the  larynx  or  false  vocd  ooidi, 
ventrides  between  them  and  the  inferior  ligaments  or  true  vocil 
and  the  upper  part  of  the  arytenoid  cartilages,  be  all  removed; 
the  true  vocal  cords  remain  entire,  with  their  points  of 
and  be  kept  tense  and  so  approximated  that  die  fissure  of  thef^kittii 
be  narrow. 

The  vocal  ligaments  or  cords,  therefore,  are  regarded  as  the 
organs  for  the  production  of  vocal  sounds:  the  modifioatiopsofi 
sounds  being  effected,  as  will  be  presently  explained,  by  other 
viz.,  by  the  tongue,  teeth,  lips,  etc     The  structure  of  the  voosl 
is  adapted  to  enable  them  to  vibrate  like  tense  membranes,  for  tfaj! 
essentially  composed  of  elastic  tissue;  and  they  are  so  attached  ts^ 
cartilaginous  parts  of  the  larynx  that  their  position  and  tendon  wj 
variously  altered  by  the  contraction  of  the  musdes  which  acton 
parts. 

Thus  it  will  be  seen  that  the  larynx  is  the  organ  of  voice.  It 
be  said  to  consist  essentially  of  the  two  vocal  cords  and  the  various  a 
tilaginous,  muscular,  and  other  apparatus  by  means  of  which  not  oi 
can  the  aperture  of  the  larynx  (rima  glottidis),  of  wliich  they  are  t 
lateral  boundaries,  be  closed  against  the  entrance  and  exit  of  air  to 
from  the  lungs,  but  also  by  means  of  which  the  cords  themsekrs  can 
stretched  or  relaxed^  brought  together  and  separated  in  accordance  vil 
the  conditions  that  may  be  necessary  for  tlie  air  in  passing  over  them, 
set  them  vibrating  to  produce  the  various  sounds.  Their  action 
respiration  lias  l)een  already  referred  to. 

Anatomy  of  the  Laiynx. — The  principal  parts  entering  into  the  formatica 
the  larynx  (figs.  846  and  847)  are — the  thyroid  cartilage ;  the  cricoid  cartil 
the  two  arytenoid  cartilages ;  and  the  two  true  vocal  cords.  The  epigW 
(fig.  848),  has  but  little  to  do  with  the  voice,  and  is  chiefly  useful  in  pioM 
ing  the  upper  part  of  the  larynx  from  the  entrance  of  food  and  drink 
.deglutition.  It  also  probably  guides  mucus  or  other  fluids  in  small  anMfl 
from  the  mouth  around  the  sides  of  the  upper  opening  of  the  glottis  into 
phar>*nx  and  oesophagus:  thus  preventing  them  from  entering  the 
The  false  vocal  cords  and  the  ventricle  of  the  larynx,  which  is  a  space 
the  false  and  the  true  coni  of  either  side,  need  be  here  only  referred  to.      M 

Cartilagvs.^ia)  The  thf/nml  cartilage  (fig.  840,  1  to  4)  di^es  not  forma 
ploio  ring  annmd  the  larj-nx,  but  only  covers  the  front  portion.  (M 
criami  cartilage   (fig.   846,  5,  6),  on  the  other  hand,  is  a  complete  ring 
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iit  of  the  ring  being  much  broader  than  the  front.  On  the  top  of  this 
portion  of  the  tTtcoid  are  (r)  the  arytenoid  cartilages  (tig.  340,  7),  the 
tion  between  the  cricoid  below  and  arj  teDoid  cartilages  above  being  a  joint 
ynoTial  membrane  and  ligaments,  the  latter  permitting  tolerably  free 


m 


rs 


Siflk  — CBrtl1a|:es  of  the  larynx  fteen  fToui  the  front,  1  to  4,  tliyfioid  cartilnee;  1,  verti- 
B  or  pomum  Admnl ;  2,  rtftht  ala;  3,  nupedor,  ami  4,  Inferior  comu  of  the  rigfit  side;  5,  ft, 
*Mrtiia^ ;  5,  infijde  of  the  jMneteriorimrt;  K,  anterior  iuutow  part  of  thts  rlni? ;  7,  arytenoid 
58.      X  *i 

I  between  them.  Bnt  although  the  arytenoid  cartilages  can  move  on  the 
.,  they  of  course*  aceompany  the  latter  in  all  ita  iuovement«,  just  sls  the 
ray  aod  or  turn  on  the  tup  of  the  spinal  column ,  but    must  accompany 

II  its  movements  as  a  whole. 

lin  ami  Lig(imentn.—Th*^  ihyrmd  cartilage  is  also  connected  with  the 
,  not  only  by  ligaments,  but  also  by  joints  with  synovial  membranes; 
irer  comtta  of  the  thyroid  clasping,  or  nipping,  as  it  were,  the  crieold 
u  them,  but  not  bo  tightly  but  that  the  thyroid  can  revolve,    within  a 


I^,  Arf  .-eptfrtott. 


C3tet  ViMergli 
Ckrt,  SoiitonaL 


I 


CSttirt,  arvteiu 
Ttoc.  muaeul. 

Eig".  o-iccKaryt^n. 
Ug,  cesniiMrhco,  post,  aup. 

CornuiDf«?r^ 


CaxttrtLcbem  ; 


N*Tlialafyiix  AAseeii  from  tiehind  nfter  removal  of  tbe  muaclm.    The  cartilages  aod  Ug- 
anients  only  reuiftiti.     cStotrk.) 


range,  around  an  axis  passing  transversely  through  the  two  jointH  at 
the  cricoid  is  clasiHinl.  The  vocal  cords  are  attached  (behind)  to  the 
lortion  of  the  haa^e  nf  Ib*^  ,irytfii<>i(l  cartilages,  and  (in  front)  to  the 
ring  angle  at  the  back  part  of  the  tiiyroid  j  it  is  evident,  therefore,  that  all 
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movements  of  either  of  these  cartilages  mtifit  produce  an  effect  on  Ik 
Bon]e  kind  or  other.     Inasmuch,    too.  aa  the  ai^rtenoid  caitilagee  rertc 
top  of  tlie  back  }>ortian  of  the  cricoid  cartilage,  and  are  caoiiected  with 
eaptiiilar  and  otlier  liganieuts,    all  muTements  of  the  cricoid  cartilage 
move  the  arytenoid  cartilages,  and  also  produce  an  effect  on  the  vocml  oai 

IntrnnMc  Muscl&f. — ^Tlie  intrinsic  niuficles  of  the  larynx  are  so  OODI 
with  the  laryngeal  cartilages  that  by  their  contraction  alterationft  in  tin 
dition  of  the  vocal  cords  and  glottis  are  produced.  They  are  usually  dj 
into  four  ctasses  according  to  their  action,  vis.,  into  abductort,  ad/k 
sphincters,  and  tensors.  The  Alwluctora,  the  crieo-arytenQidjei,  widen  tbsg 
by  separating  the  cords ;  the  Adductors*  consierting  of  the  thyro-ary-fpigi 
the  arytenoidem  posticus  seu  trarmversus,  the  thyro-ctryienoidei  exiemi,  the 
arytetundei  laterateSt  and  the  thyro-arytenoidei  intemi,  approximate  the 
cords,  diminish  the  rima  glottidis,  and  act  generally  as  Sphincters  aD< 
porters  of  the  glottis.  Finally,  the  Tensors  of  the  cords  put  the  cords  < 
stretch,  with  or  ^'ithout  elongating  them;  the  tensors  are  the  crico-thi 
and  the  ihyra-arytenoidei  interni. 

The  attachments  and  the  action  of  the  muscles  will  be  readily  unde 
from  the  following  table.  Ail  the  muscles  are  in  pairs  except  the  arjtoi 
posticus. 

Tabus  of  the  b£TEBai.  Gnotrps  of  the  Intrinbic  Muscles  of  tsk  L 
AND  THEIR  Attachments. 


Qmox^r, 


Abductors. 


II.  and  111. 
Adductors 

and 
Sphincters. 


Hrscxs, 


Crico-aryte 

noidei  pos 
tici. 


Attacbxkhtk, 


In  three  lay- 
ers : 

(a)        Outer 
layer, Thy 
r  o  -  a  r  y 
e  p  i  g  1  ot 
tici. 


This  pair  of  muscles  arises,  on 
either  stide.  from  the  posterior 
surface  of  the  corresiM:maing  half 
of  the  cricoid  cartilage.  From 
this  deprfssion  their  tibres  C4Dn 
irerge  on  either  side  upward  and 
outward  tt*  be  inserted  into  the 
outer  angle  of  the  ha*^  of  the 
arrtenoid  cartihiK^s  liehind  the 
cnco-arytenoid  laterales. 


A  pair  of  muscles.  Flat  and  nar 
row,  which  arise  on  either  side 
from  the  processus  muscularis  of 
the  arytenoid  cartilage,  then  pass- 
ing upward  and  inward  cross 
one  another  in  the  middle  line  to 
be  inserted  intt^  the  upiier  half  of 
the  lateral  birtler  of  tne  opposite 
arytenoid  cartilage  and  the  poste- 
rior border  of  the  cartilage  of 
Santonni.  The  lower  fibres  nm 
forward  and  downwanl  to  be 
inserted  into  the  thyroid  carti 
lage  near  the  commissure.  The 
fibres  attached  to  the  cartilage  of 
Santorini  are  continued  forwaj^d 
and  upward  into  the  ary-epiglot 
tic  fold. 


Acttam. 


Draw  inwan 
backward 
outer  an^ 
arytenoid 
lages,  and 
tate  outi 
the  prooen 
calis  and  i 
the  glottis. 


Help  to  nam 
close    the 
glotttdis. 


f                                         THE    PRODUCTION    OF    XnE    ^-OICB. 

556         ■ 

OaotfF. 

Muncif. 

Attachments, 

Action                            ^^M 

.  and  III. 

<b)  iridd^ 

A   single  muscle.     Half-q  u  a  d  r  i* 

Draws  together  the          ^H 

adductors 

layer. 

lateral,  attached    to   tlii^  borders 

arytenoid   carti-          ^H 

1    and 

i.   Aryte- 
noid euB 

of    the  arytenoid    cartilai^efl,    its 

lages  and  also  de^          ^H 

phincters. 

Obrea   rimning    horizontally    be- 

presees   them.           ^H 
When  tlie  mus            ^H 

puntinued. 

posticuB. 

tween  the  two. 

cleis  paralyse             ^H 

the     i  n  ter  •  cart '            ^H 

laglnouB  part  i             ^H 

the  cords  cannt             ^H 

come  togethei              ^H 

ii.     ThjTO- 

A  pair  of  muaclee.     Each  of  which 

1 

aryteno  i  - 

coDEistfl  of  three   chief    portions 

^H 

d  e  i     e  X  - 

—lower,     middle,      and     upper, 
Tlie    lower    and    priucijial  tiijreti 

^H 

teimi. 

^H 

may  be  further  divided  into  two 

^H 

layers,     internal    and     externaL 

^^H 

These  fibres    arise    side    by  »ide 

^H 

from  the  lower  half  of  the  inter- 

^^^^H 

nal  surface  of  the    thyroid  carti- 

^^^^^^H 

lage,  clo«e  to  the  angle,  and  from 

^^^^H 

the  fibrous  expansion  of  tlie  crico- 

^^^^^1 

thyroid  ligament,  and  are  insert- 

^^^^1 

ed  into  the  lateral  border  of  tiie 

^^^^^1 

arytenoid    cartilaj^e.     The    inner 

^^^^^1 

tibres  run    horizontally,  to  be  at- 

^^^^H 

tached  to  the   lower  half   of  this 

^^^^H 

border,  and  the  outer  fibres  pass 

^^^^1 

obliquely  outward  to  be  inserted 

•  ^^^^1 

into  the' upper  hnlf.    while  some 

^^^^H 

pa^s  to  the  cartilage  of  Wrisburg 

^^^^H 

and  thu  ary -epiglottic  fold. 

■ 

iii    Crico 

A  pair  of  muscles*       They  arise  on 

App;!)ximate    the          ^H 

aiyteno  i  - 
del    later- 

eith»?r  side  from  the  middle  third 

V  J  c  a 1     cords           ^^M 

of  the  upper  border  of  the  cricoid 

ly  drawing   the           ^H 

^^K 

ales. 

cartilage  and  are  inserted  into  the 

processus     mus-           ^H 

^^^^1 

whole  anterior  margin  of  the  base 

«ularis    of    the          ^H 

of  the  arytenoid  cartilage.    Some 

jjytenoid   carti-          ^H 

of  their  fibres  join  the    tliyroid- 

lages        forward           ^H 

ary*epiglottici. 

and     downward           ^^ 
and  so  rotate  the 
processus  vocalis 
inward. 

(c)    Inner* 

A  pair  of  muscles-     Tliey  arise  oti 

Render    tlie    Tocal 

mo»t    lay- 

either side,    internally   from   the 

cords    tense  and 

er,  Thyro- 

angle  of    the   thyroid   cartilage. 

rotate  the  aryte- 

a r  ytenoi- 

internaJ    to    the    last     tlescriljid 

noid     cartilages 

del     ia- 

muscle  f  {b),    iii),  and  runniiigl 

and  approximate 

temi. 

parallel  to  ami  in  the  substance  of! 

t  h  e      processus 

the  vm*:il  cnnU  are  attached  poB-j 

vocal  is. 

teriorly  to  the  pri>cessus  vocal  is 

alon^   their   whole  length  and  to 

the   adjacent  part  of    the  outer 

surfac*^   of    tlie  arytenoid  carti- 

L 

lages, 

1 

1 

The  most  posterior  part  is  almost 

a  dtstinct  muscle  and  it«  fibres 
are  aU  but  horizotital ;  some* 
times  thU  tuuBt'le  is  describtMi  as 
consisting  uf  two  layens,  super- 
ficial with  cortical  fibres,  deep 
with  oblique  fibrej*.  described 
imdet  Group  IIL 


The  thyroid  txm- 
lage  being  liioj 
bj  il^  extniijic 

front  of  tlie  cri- 
coid cartiti|f  ii 
drawn   upfivl 
aud    its 
with  the 
noids 
is  drawn  down 
Hence  ihe  Tixsl 
cords  are  eluo- 
gated  an tero- 
poeberiorly  Aod 
put     upon   the 
stretch.     Pitil- 
Tain     of    thf9» 
muscles 
an   inabLlitT  to 
produce     higb 
BOteo. 


DeBcribed  above. 


• 


Nerm  Bv^if.  — In  the  performaDce  of  the  functions  of  the  larynx  the  aNOttJ 
filamentd  of  tie  nuperior  laryitgeul  branch  of  the  vagus  supply  that  acute  »»' 
aibility  l»y  whchthe  glottis  is  guarded  against  the  ingress  of  foreign  bodies.  <■ 
of  irrespirable  gases.  The  coutat-t  of  these  stimulates  the  nerve  fUamailil 
and  the  impretBioa  conveyed  to  the  medulla  oblongata,  whether  it  prodnet 
eeoBation  or  not,  is  reflected  to  the  fUaaieul^of  the  recurrent  or  inferior laryngBd 
branch,  and  excit*^  coutnu'tiuu  of  the  muscles  that  close  the  glottis.  Both 
branches  of  the  v^i  ci»-o|:>emte  also  id  the  production  and  regulation 
voice ;  the  inferior  laryngeal  determining  tlie  contraction  of  the  musdei 
vary  the  tension  of  the  vocal  cor<la,  and  the  superior  laryngeal  convey in|P 
the  mind  the  sensation  of  the  Mtate  of  these  niuj4ele«  necessary  for  their  ot«tlfr' 
nous  guidance.  And  both  the  branches  co-oi^erate  in  the  actions  of  the  Isiyi^ 
in  the  ordinary  slight  dilatation  and  contraction  of  the  glottis  in  the  acts*' 
expiration  and  ins|iinitiou,  and  more  evidently  in  those  of  coughing  mid  ochtf 
forcible  respiratory  move  men  ts. 

The  laryngoscope  it*  an  instnmient  employed  in  investigating  during  Uf<?H* 
condition  of  the  pharynx,  larynx,  and  trachea.     It  consisfts  of  a  largi^  coocstt 
mirror  with  perforat^^l  centre  and  of  a  smaller  mirror  fixe<l  in  a  long  hand' 
It  is  thus  use^i  :  the  patient  is  placed  in  a  chair,  a  gotnl  light  (argand  bonjer. 
lamp)  is  arranged  on  one  side  of,  and  a  little  abive  his   head.     Tlie  operti 
fixes  the  large  mirror  round  his  head  in  such  a  manner,  that  he  looks  threw 
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>  central  apertttre  with  one  eye.  He  then  seats  himself  oppoelt^  the  patient* 
so  alters  the  position  of  the  mirror,  which  is  for  thia  purjiose  provided 
irith  a  bail  and  socket  joint,  that  a  beam  of  light  is  retlected  on  the  lips  of  the 
pAtient. 

The  patient  is  now  directed  to  throw  his  head  slightly  backward,  and  to 
open  his  mouth  ;  tlie  reflet*tion  from  the  mirror  lights  up  the  cavity  of  the 
mouth,  and  by  a  little  alteration  of  the  distance  between  the  operator  and  the 
patieut  the  point  at  which  the  gxeatest  amount  of  light  is  retlected  by  the 
mirror-- in  other  words  its  focal  length— ia  readily  discovered,  Tlie  sniall 
tmrror  fixed  in  the  handle  is  then  wanned,  either  by  holding  it  over  the  lamp, 
or  by  putting  it  into  a  vessel  of  warm  water ;  this  is  necessary  to  prevent  the 
condensation  of  breath  upon  ita  surface.     The  degree  of  heat  is  regulated  by 
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Cttft  Bantoiini  / 

n,  C3rio(WHytnioMi.  post . 

Ocamu  inf «3iar 

Xig-  oeinto-cTic. 

Bui.  pcMft.  inf.  mcroljtTiiii 
Par*,  cmtilnf  - 

,  34B.-^Th©ljiryiix  as  seen  from  behind.    To  ahow  the  intrinsic  muaclea  poateriorlj,    (Stoerk,) 


i,pplyiiig  the  back  of  the  mirror  to  the  hand  or  cheek,  when  it  should  feel  warm 
ithout  beiug^  painful. 

Aft<*r  tliese  pieliminaries  the  patient  is  directed  to  put  out  his  tongue,  which 

i  held  by  tlie  It^ft  hand  gently  but  flnnly  against  the  louver  teeth  by  means  of 

liandkerchief.     Tlie  warm  mirror  is  passed  to  the  back  of  the   mouth,  until 

1 1  rests  upion   and  slightly  raises  the  base  of  the  uvula,  and  at  the  same  time 

3©  light   iH  directed  upon   it:  an   inverted   image  of  the  larj^nx  and  trachea 

"ill  be  seen  in  the  mirror.     If  the  dorsum  of  the  tongue  he  alone  seen,    the 

idle  of  the  mirror  must  be  slightly  lowered  until  the  larynx  comes  into 

;  care  should  be  taken,  however,  not  to  move  tlie  mirror  upon  the  uvula, 

excites  retching.     The  observation   should  not  l>e  prolonged,  but  should 

i.ther  )>e  re  ideated  at  short  intervals. 

Tlie  structures  seen  will  vary  somewhat  according  to  the  condition  of  the 

as  to   inspiration,  expiration,  phonation*  etc.  ;  tViey  are    (fig.   351)  first, 

I  apparently  at  the  posterior  part,  the  base  of  the  tongite^  immediately  below 

ich  is  the  accurate  outline  of  the  epiglottis,  with  its  cushion  or  tubercle. 

•nare  seen  in  the  central  line  the  true  roca/  cords,  white  and  shining  in  their 

xual  condition.     The  cords  approximate  (in  the  inverted  image]  posteriorly; 


Mae  Tocal  cordB  is  the  aryteno-epiglottidcan  fold,  in  which  are  situated  up 
each  side  three  small  eleTationa ;  of  these  tlie  most  external  is  tlje  cartda^ 
Wrisberg.  the  interniediate  is  the  ettrhltujt'  of  Smttorini,  while  tlie  BUinmit 
the  arytawid  cartila^  is  m  front,  aiid  somewhat  below  the  preceding*  beh 


Flg«  350 To  ahow  tbe  position  of  tlie  opemtor  imd  pudeot  when  ustog  the  ] 

imly  seen  during  deep  inspiration.     Hie  rings  of  the  traekea, 
Di furcation  of  tlie  trachea  itself^  if  the  patient  be  directed  to  draw  i 
may  be  seen  in  the  internal  between  the  true  vocal  cords. 


V  85L — Three  laryneof^copfe  vit-ws^f  the  nijm»rit>r  at»erture  of  the  larynx  and  Rurroiindliip 
A,  th«  g:]ottiH.  duriug  the  timii^sion  of  a  hli;li  note  lu  f^iag^ing^;  B,  in  eiisy  and  quiet  inhA- 
of  air:  t\  in  the  j*tat**  of  tb»^  widetit  jKisHibJe  dilatation,  cu»  In  inhaling  t^  ^'"^rj  tlei?p  hreaih, 
m^mtzis  A't  B\  ami  V\  show  in  horizontal  functions  of  the  g^lottis  the  yiosltlon  t»f  the  vocal 
Dl8  and  arTtonoid  citrttlaKes  itj  the  tlirt^  i!<werai  states  repreMtDtefl  in  the  other  n^cuiffl. 
befl^ureB^  no  far  oa  marked,  Che  letters  indicate  the  parts  as  follows,  vix. :  t,  th^^bfis^  of 
(pne;  e,  the  upper  tre^  p&n  cif  tht^  epi^lottii^:  «',  the  tubercle^  or  ciinhji on  of  the  epigrlottls; 
tof  the  anterior  wull  of  the  phann'E  t'ehind  the  Iftryni;  in  the  margin  of  the  aryteuo- 
tld«ttii  fold  w„  the  awellin^f  of  the  nieiubratie  eay^ec]  by  the  cartilages  of  WrlBberg;  «.  that 
sartilages  of  Santfjrlni;  h  the  tip  or  summit  of  the  arytenoid  cartilages:  «' i%  the  tm» 
oris  or  lipii  of  th«  rima  ig^iottidis;  c  e»,  the  fiupcrlor  or  fal*ie  vocal  cords;  i>f.'tMrfH^n  them 
ntriele  or  the  larynx;  in  C\  tr  is  pimped  on  the  unterior  wali  of  the  receding  trft4?hea, 
indlcAtes  the  commencemeat  of  the  two  bronchi  beyond  the  bifurcation  which  may  be 
i  Into  Tlew  in  this  state  of  extreme  dilatation.    (Quain  after  CiEeniuiJtO 


inspiration,  and  a  little  narrower  at  each  expiration.  On  making 
id  and  deep  inspiration  the  opening  of  the  glottis  Is  widely  dikted 
561,  c),  and  somewhat  lozenge-shapod. 

I  VocaUzntinn, — At  the  moment  of  the  emission  of  a  note,  it  is  nar- 
l,  the  margins  of  the  arytenoid  cartilages  being  brought  into  contact 
ihe  edges  of  the  vocal  cords  approximated  and  made  parallel,  at 
jne  time  that  their  tension  i^  much  increased.  The  higher  the  note 
iced,  the  tenaer  do  the  cords  become  (fig,  351,  a);  and  the  range  of 
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m  Toico  depends,  of  course,  iti  tbo  maio,  on  the  extent  to  which  thai 
degree  of  tension  of  the  vocal  cords  can  be  thus  altered.  In  theprodao-j 
tion  of  a  high  note  tho  vocal  cords  are  brought  well  within  gight,  khs] 
to  be  plainly  Tisible  with  the  help  of  the  laryngoscope.  In  the  ntter- 
ance  of  grave  tones,  on  the  other  band,  the  epiglottis  is  depressed  i 
brought  over  them,  and  the  arytenoid  cartilages  look  as  if  they 
trying  to  hide  themsijlves  under  it  (fig*  352).     The  epiglottis,  by  being| 


Flff.  882.— Vtew  of  the  upper  pMt  f>f  thi*  Urynx  M  seeo  hy  mmxm  of  the  Urrugtmxm  d 
the  utfomiK^ie  of  ft  grave  note,    c^  Epiglottis;  s,  tubercles  of  the  caitllftK<e*  of  SatitaHBi;  ^t. 
«oolcl  cmrtilagM;  x^  bMo  of  tli«  urnKTi*^;  pKthe  pcmverior  walJ  of  tlie pluuTDx.    CCMrmik.) 

somewhat  pressed  down  so  as  to  cover  the  superior  cavity  of  the] 
serves  to  render  the  notes  deeper  in  tone  and  at  the  same  time  sou 
duller,  just  ad  covering  the  end  of  a  short    tube  placed  in  front  i 
caoutchouc   tongues  lowers  the  tone.     In  no  other   respect  does 
epiglottis  appear  to  have  any  effect  in  modifying  the  vocal  sounds. 

The  degree  of  approximutiou  of  the  vocal  cords  also  usually 
spondfl  with  the  height  of  the  note  produced ;  but  probably  not  ill 
for  the  width  of  the  aperture  has  no  essential  influence  on  tlie  beighM 
the  note,  as  long  as  the  vocul  cords  have  the  same  tension;  only  with  I 
wide  aperture  the  tone  is  more  difficult  to  produce  and  is  leas  ] 
the  rushing  of  the  air  through  the  aperture  being  heanl  at  the 
time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  theaperl 
of  the  glottis,  that,  viz,,  which  is  formed  by  the  space  betv 
arytenoid  cartilages.     For  if  the  arytenoid  cartilages  be  approx 
in  such  a  manner  that  their  anterior  processes  touch  each  other,  but] 
leave  an  opening  behind  them  as  well  as  in  front,  no  second  vocal ' 
is  produced  by  the  passage  of  the  air  through  the  posterior  openings  I 
merely  a  rustling  or  bubbling  sound;  and  the  height  or  pitch  of  I 
note  produced  is  the  same  whether  the  posterior  part  of  the  glottiil 
open  or  not. 

The  Voice  in  Sikoino  anh  Speakiko. 

Varieties  of  Vocal  Sounds. — The  laryngeal  notes  may  observf 
different  kinds  of  sequence.  The  first  is  the  monotonous,  in  which 
notes  have  nearly  all  the  same  pitch  as  in  ordinary  speaking; 
variety  of  the  sounds  of  speech  being  due  to  articulation  in  the  mo 
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[speaking,  however,  oceasional  syllables  generally  receive   a  higher 

[lation  for  the  sake  of  accent     The  second  mode  of  sequence  is  the 

give  transition  from  high  to  low  notes,  and  vice  verm^  without 

ervals;  such  as  is  heard  in  the  sounds,  which >  as  exx>rcssions  of  pas- 

a,  accompany  crying  in  men,  and  in  the  howling  and  whining  of 

The  third  mode  of  sequence  of  the  vocal  sounds  is  the  niusical, 

^ which  each  sound  has  a  determinate  number  of  vibrations^  and  the 

tibers  of  the  vibrations  in  the  successive  sounds  have  the  same  relative 

k>ortions  that  characterize  the  notes  of  the  musical  scale. 

In  different  individuals  this  comprehends  one,  two,  or  three  octaves. 

[singers — that  is,  in  persons  apt  for  singing — it  extends  to  two  or 

octaves.     But  the  male  and  female  voices  commence  and  end  at 

Brent   points  of  the  musical  scale.     The  lowest  note  of  the  female 

la  about  an  octavo  higher  than  the  lowest  of  the  male  voice*  the 

iest  note  of  the  female  voice  about  an  octave  higher  than  the  highest 

!ie  male.     The  compass  of  the  male  and  female  voices  taken  together^ 

ae  entire  scale  of  the  human  voice,  includes  about  four  octaves, 

I  principal  difference  between  the  male  and  female  voice  is,  therefore, 

^m  pitch;  but  thev  are  also  distinguished  by  their  /one,— the  male 

is  not  so  sol t.     The  voice  presents  other  varieties  besides  that  of 

I  and  female;  there  are  two  kinds  of  male  voice,  technically  called 

\has9  and   ^ewor,  and  two   kinds  of  female  voice,  the  contralfo  and 

Biii«,  all  differing  from  each  other  in  tone*     The  bass  voice  usually 

bes  lower  than  the  tenor,  and  its  strength  lies  in  the  low  notes; 

the  tenor  voice  extends  higher  than  the  bass.     The  contralto 

(  has  generally  lower  notes  than  the  soprano,  and  is  strongest  in  the 

notes  of  the  female  voice;  while  the  soprano  voice  reaches  higher 

the  scale.     But  the  difference  of  compass,  and  of  power  in  different 

of  the  scale,  is  not  the  essential  diitinction  between  the  different 

^.^.. .  for  bass  singers  can  Bometimes  go  very  high,  and  the  contralto 

ntlj  sings  the  high  notes  like  soprano  singers.     The  essential 

f^rence  between  the  base  and  tenor  voices,  and  between  the  contralto 

fioprano,  consists  in  their  tone  or  timbre^  which  distinguishes  them 

,  when  they  are  singing  the  same  note*     The  qualities  of  the  bary- 

►  and  mezzo-soprano  voices  are  less  marked ;  the  barytone  being  in- 

Hate  between  the  bass  and  tenor,  the  mezzQ-soprano  between  the 

Ito  and  soprano.     They  have  also  a  middle  position  as  to  pitch  in 

le  of  the  male  and  female  voices. 

differences  in   the   pitch  of   the  male  and   the   female   voices 

on   the  different  length  of  the  voc^l  cords  in  the  two  sexes; 

relative  length  in  men  and  women  being  as  three  to  two.     The 

nee  of  the  two  voices  in  tone  or  timbre,  is  owing  to  the  different 

and  form  of  the  resounding  walls,  which  in  the  male  larynx  are 

36 
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nmch  more  6ztensiTe«  ami  form  a  more  acute  atigle  imterio 
diflterent  qualities  of  the  t^nor  and  bass,  and  of  the  fdto  and  m 
voices,  probably  depend  on  some  peculiarities  of  the  ligamenU,  an 
membraQouid  and  cartilaginous  parietes  of  the  knnigeal  cant?,  \ 
are  not  at  present  understood,  but  of  which  we  may  form  some 
by  recollecting  that  musical  instruments  made  of  different  mite 
e.^.,  metallic  and  gut-strings,  maybe  tuned  to  the  same  note,  Iwil 
each  wHl  give  it  with  a  peculiar  tone  or  timbre. 

The  boy's  liir>'Tix  resembles  the  female  larynx;  their  Tocal 
before  puberty  are  not  two- thirds  the  length  of  the  adult  cord*; 
the  angle  of  their  thyroid  cartilage  is  as  little  prominent  tfil 
female  larynx.  Boys'  %*oice8  are  a//o  and  sopratw^  resembling  ill] 
those  of  women,  but  louder,  aud  differing  somewhat  from  thumiu 
But,  after  the  larynx  has  undergone  the  change  produced  dorof 
period  of  development  at  puberty,  the  boy's  voice  becomes  base  or t 
While  the  change  of  form  is  taking  place,  the  voice  ia  said  tocni 
becomes  imperfect,  frequently  hoarse  and  crowing,  and  is  nnfitta 
gingiug  until  the  new  tones  are  brought  nnder  command  by  pn 
In  eunuchs,  who  have  been  deprived  of  the  testes  before  puberty,  thi 
does  not  undergo  this  change*  The  voice  of  most  old  people  isdd 
in  tone,  unsteady,  and  more  restricted  in  extent:  the  firet  M 
owing  to  the  ossification  of  the  cartilages  of  the  larynx  and  thei 
condition  of  the  vocal  cords;  the  want  of  steadiness  arises  from  thi 
nervous  power  and  command  over  the  muscles ;  the  result  of  iri 
here,  as  in  other  parts,  a  tremulous  movement.  These  two  cauM 
bined  render  the  voices  of  old  people  void  of  tone,  unsteady,  Ui 
and  weak. 

In  any  class  of  persons  arranged,  as  in  an  orchestra,  according 
character  of  voices,  each  would  possess,  with  the  general  charaftt 
of  a  bass,  or  tenor,  or  any  other  kind  of  voice,  some  peculiar  chi 
by  which  his  voice  would  be  recognized  from  all  the  rest.  The 
tions  that  determine  these  distinctions  are,  however,  quite  imk 
They  are  probably  inherent  in  the  tissues  of  the  larynx,  and 
indiaoemible  as  the  minute  differences  that  characterize  men^s  bi 
one  often  observes,  in  like  oianner,  hereditarj'  and  family  pecuU 
of  voice,  as  well  marked  as  those  of  the  limbs  or  face. 

Most  persons,  particularly  men,  have  the  power,  if  at  aU  odfi 
singing,  of  modulating  their  voices  through  a  double  eeries  of  n 
different  character:  namely,  the  notes  of  the  natural  voice,  or 
notesy  and  the  falsetto  notes.  The  natural  voice,  which  alone  bl 
hitherto  considered,  is  fuller,  and  excites  a  distinct  sensation  of 
stronger  vibration  and  resonance  than  the  falsetto  voice,  wlii< 
more  a  tlute*like  character.     The  deeper  notes  of  the 
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lie  produced  only  with  the  natural  voice,  tlio  highest  with  the  faleetto 
only;  the  notes  of  middle  pitch  can  be  produced  either  with  the  natural 
<>r  falsetto  voice  j  the  two  registers  of  the  voice  are  therefore  not  limited 
in  such  a  manner  as  that  one  euda  when  the  other  begins,  hut  they  run 
in  part  side  by  side. 

The  natural  or  chest-notea  are,  as  we  have  seen,  produced  by  the  or- 
dinary vibrations  of  the  vocal  cords.  The  mode  of  production  of  the 
falsetto  notes  is  still  obscure. 

By  Miiller  they  were  thought  to  be  due  to  vibrations  of  only  the  inner 
[  l>orders  of  the  vocal  cords.     In  the  opinion  of  Petrequin  and  Diday,  they 
I  do  not  result  from  vibrations  of  the  vocal  cords  at  all,  but  from  vibra- 
'  ^MoDS  of  the  air  passing  through  the  aperture  of  the  glottis,  which  they 
^believe  assumes,  at  such  times,  the  contour  of  the  mnbouchure  of  a  flute. 
Others,  considering  some  degree  of  similarity  which  exists  l>etween  the 
f^fietto  notes  and  the  peculiar  tones  called  harmonic,  which  are  pro- 
duced when,  by  touching  or  stopping  a  harp-string  at  a  particular  pointy 
^^Tik  a  portion  of  its  length  is  allowed  to  vibrate,  have  supposed  that,  in 
^t«i  falsetto  notes,  portiona  of  the  cords  are  thus  isolated,  and  made  to 
^^  ibrat^  while  the  rest  are  held  still.     The  question  cannot  yet  be  settled  j 
^iit  any  one  in  the  habit  of  singing  may  assure  himself,  both  by  the 
^^ifficulty  of  passing  smoothly  from  one  set  of  notes  to  the  other,  and  by 
^le  necessity  of  exercising  himself  in  both  registers,   lest  he  flhonld 
'  ^^'ecome  very  deficient  in  one,  that  there  must  be  some  great  difference 
^^  the  modes  in  which  their  respective  notes  are  produced. 

The  pitch  of  the  note,  which  dei>ends  upon  the  rapidity  of  the  vibra- 

ion&»  is  altered  by  alteratinus  of  the  vocal  cords,  and  so  the  strength  of 

■^^e  voice  is  in  prtjportion  (n)  to  the  degree  to  which  the  vocal  cords  can 

made  to  vibrate;  and  partly  (&)  to  the  fitness  for  resonance  of  the 

•embranes  and  cartilages  of  the  larynx,  of  the  parietea  of  the  thorax, 

^ai  LTs,  and  eavitiea  of  the  mouth,  nostrils,  and  communiaitiug  sinuses. 

-  diminished  by  anything  which  interferes  with  such  capability  of 

X  brat  ion. 

The  inteimttj  or  loudness  of  a  given  note  with  maintenance  of  the 

pitch,  cannot  be  rendered  greater  by  merely  increasing  the  force 

'the  current  of  air  through  the  glottis;  for  increase  of  the  force  of  the 

irrent  of  ahy  cceteria  jHiribum,  raises  the  pitch  both  of  the  natural  and 

te  falsetto  notes.     Yet,  since  a  singer  possesses  the  power  of  increasing 

loudness  of  a  note  from  the  faintest  jnuno  to  fortissimo  without  its 

eh   being  altered,   there  must  be  some  means  of  compensating  the 

lency  of  the  vocal  cords  to  emit  a  higher  note  when  the  force  of  the 

mi  of  air  is  increased.     This  means  evidently  consists  in  modify- 

the   tension  of  the  vocal  cords.     When    a  note  is  rendered  louder 

more  intense,  the  vocal  cords  must  be  relaxed  by  remission  of  the 
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muscular  action,  in  proportion  as  the  force  of  the  current  of  the  hmih 
through  the  glottis  is  increased.  When  a  note  is  rendered  fainter,  tk 
reverse  of  this  must  occur. 

The  archer  of  the  palate  and  theuvnla  become  contracted  dnriogthi 
formation  of  the  higher  notes;  but  their  contraction  is  the  same  for  a 
note  of  given  height,  whether  it  be  falsetto  or  not ;  and  in  either  cttfi 
the  arches  of  the  palate  may  be  touched  with  the  finger,  without  tht 
note  being  altered.  Their  action,  therefore,  in  the  production  of  tba 
higher  notes  seems  to  be  merely  the  result  of  involuntary  associate  m* 
yoDS  action,  excited  by  the  voluntarily  increased  exertion  of  themusck 
of  the  larynx.  If  the  palatine  arches  contribute  at  all  to  the  prodactioii 
of  the  higher  notes  of  the  natural  voice  and  the  falsetto,  it  can  only  l» 
by  their  increased  tension  strengthening  the  resonance. 

The  office  of  the  ventricles  of  the  larynx  is  evidently  to  afford  i  ft*' 
space  for  the  vibrations  of  the  lips  of  the  glottis;  they  may  be  own 
pared  with  the  cavity  at  the  commencement  of  the  mouthpiece  of  tnah 
pets,  which  allows  the  free  vibration  of  the  lips. 

Speech. — Besides  the  musical  tones  formed  in  the  larynx,  a  greil 
number  of  other  sounds  can  be  produced  in  the  vocal  tubes,  betwecl 
the  glottis  and  the  external  apertures  of  the  air-passages,  the  combimtiflB. 
of  which  sounds  by  the  agency  of  the  cerebrum  into  different 
to  designate  objects,  properties,  actions,  etc.,  constitutes  language, 
languages  do  not  employ  all  the  sounds  which  can  be  produced  in 
manner,  the  combination  of  some  with  others  being  often  d 
Those  sounds  which  are  easy  of  combination  enter,  for  the  moat 
into  the  formation  of  the  greater  number  of  languages.  Each 
contains  a  certain  number  of  such  sounds,  but  in  no  one  are  all 
together.  On  the  contrary,  different  languages  are  characteriied 
prevalence  in  them  of  certain  cluases  of  these  sounds,  while  othen 
less  frequent  or  altogether  a!>8ent. 

Articulate  Sounds,^ — The  sounds  produced  in  speech,  or  the 
late  sounds,  are  commonly  divided  into  vottels  and  cufi^nant^:  the 
ti notion  between  which  is,  that  the  sounds  for  the  former  are 
by  the  larynx,  while  those  for  the  latter  are  produced  by  interm| 
of  the  current  of  air  in  some  part  of  the  air-paasages  above  the  l 
The  term  consonant  has  been  given  to  these  because  several  of  theml 
not  properly  sounded,  except  consonanthj  with  a  voweL     Thus,  if 
attempted  to  pronounce  aloud  the  consonants  b^  d,  and  g,  or  their 
fications,  p^  t^  k,  the  intonation  only  follows  them  in  their  combi 
with  a  voweL     To  recognize  the  essential  properties  of  the  ari 
flonnds,  it  is  necessary  first  to  examine  them  as  they  are  prodm 
whispering,  and  then  investigate  which  of  them  can  also  be  utt^ei 
a  modified  character  conjoined  with  vocal  tone.     By   this  prooeiii 
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I  two  6crie«  of  sounds:  in  one  the  sounds  are  Tiiiite,  and  cannot  be 
pred  with  a  vocal  tone;  the  sounds  of  the  other  series  can  be  formed 
lep€*ndently  of  voice,  but  are  also  capable  of  being  uttered  in  con- 
iiCtiou  with  it. 

[All  the  vowels  can  be  expressed  in  a  whisper  without  vocal  ione^  that 
fnutfhf.  These  mute  vowel-sounds  dilfer,  however,  in  some  meas- 
|(,  as  to  their  mode  of  production,  from  the  consonants.  AH  tlie 
be  consonants  are  formed  in  the  vocal  tube  above  the  glottis,  or  in 
►  cavity  of  the  mouth  or  nose,  by  the  mere  rusliing  of  the  air  Iwtwoen 
(  surfaces  differently  modified  in  disposition.  But  the  sound  of  the 
rels,  even  when  mote,  has  its  source  in  the  glottis,  though  its  vocal 
are  not  thrown  into  the  vibrations  necessary  for  the  production  of 
and  the  sound  seems  to  be  produced  by  the  passage  of  the  current 
^r  between  the  relaxed  vocal  cprds.  The  same  vo wel-sonnd  can  be  pro- 
led  in  the  larynx  when  the  mouth  is  closed,  the  nostrils  being  open, 
I  the  utterance  of  all  vocal  tone  avoided.  The  sound,  when  the  mouth 
^n,  is  so  modified  by  varied  forms  of  the  oral  cavity,  as  to  assume 
( characters  of  the  vowels  a,  e,  i,  o,  u,  in  all  their  modifications. 
The  cavity  of  the  mouth  asi^u mea  the  same  form  for  tlic  articulation 
lach  of  the  mute  vowels  as  for  the  corresponding  vowel  when  vocal- 
1;  the  only  difference  in  the  two  eases  lies  in  the  kind  of  sound 
tied  by  the  larynx.  It  hjis  been  pointed  out  that  the  conditions 
essary  for  changing  one  and  the  same  sound  into  the  different  vowels, 
i differences  in  the  size  of  two  parts — the  oral  canal  and  the  oral  open* 
i;  and  the  same  is  the  case  with  regard  to  the  mute  vowels.  By  oral 
ml,  is  meant  here  the  space  between  the  tongue  and  palate :  for  the 
tonnciation  of  certain  vowels  both  the  opening  of  the  mouth  and  the 
oe  Just  mentioned  are  widened;  for  the  pronunciation  of  other  vowels 
b  are  contracted ;  and  for  others  one  is  wide,  the  other  contracted. 
mitting  five  degrees  of  size,  both  of  the  opening  of  the  mouth  and  of 
i  space  between  the  tongue  and  palate,  Kcmpelen  thus  states  the 
lensions  of  these  parts  for  the  following  vowel-sounds: — 

Vowel.  Sound.  Size  oi  oral  opening.  Size  of  oral  canaL 

a     as  in  **  far"  5  ...  3 

a        **  "^name"  4  ...  2 

e        **  "theme"  S  ...  1 

o        **  '*go'^  g  ...  4 

oo      "  **coor  1  ...  5 

Another  important  distinction  in  articnlate  sounds  is,  that  the  utter- 
b  of  some  is  oniy  of  momentary  duration,  taking  place  daring  a  sud- 

change  in  the  conformation  of  the  mouth,  and  being  incapable  of 
ongation  by  a  continued  expiration.     To  this  class  belong  b,  p»  d^ 

the  hard  g.  In  the  utterance  of  other  consonants  the  sounds  luay 
ontinuous;  they  may  be  prolonged,  ad  libitum,  as  long  as  a  particn- 
lifipoeition  of  the  mouth  and  a  constant  expiration  are  maintained. 
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Among  these  consonants  are  h,  m,  n,  f,  s,  r,  1.  Corresponding  differences 
in  respiict  to  the  time  that  may  be  occupied  in  their  utterance  exist 
in  the  vowel  sounds,  and  principally  constitute  the  differences  of  long 
and  sliort  syllables.  Thus  the  a  as  in  far  and  fate,  the  o  as  in  go  and 
fort,  may  be  indefinitely  prolonged;  but  the  same  vowels  (or  mow 
properly  different  vowels  expressed  by  the  same  letters),  as  in  can  and 
fact,  in  dog  and  rotten,  cannot  be  prolonged. 

All  sounds  of  the  first  or  explosive  kind  are  insusceptible  of  com- 
bination with  vocal  tone  {intonation)^  and  are  absolutely  mute;  nevlj 
all  the  consonants  of  the  second  or  continuous  kind  may  be  attoided 
with  intonation. 

Ventriloquism. — The  peculiarity  of  speaking,  to  which  the  tem 
ventriloquism  is  applied,  appears  to  consist  merely  in  the  varied  modi* 
fication  of  the  sounds  produced  in  the  larynx,  in  imitation  of  the  mofr 
fications  which  voice  ordinarily  suffers  from  distance,  etc.  From  M 
observations  of  Muller  and  Golombat,  it  seems  that  the  easentUj 
mechanical  parts  of  the  process  of  ventriloquism  consist  in  takings 
inspiration,  then  keeping  the  muscles  of  the  chest  and  neck  fixed, 
speaking  with  the  mouth  almost  closed,  and  the  lips  and  lower  jtw 
motionless  as  possible,  while  air  is  very  slowly  expired  through  a 
narrow  glottis;  cure  being  taken  also,  that  none  of  the  expired  air  part 
throu<,']i  the  noso.  But,  as  observed  by  Miiller,  much  of  the  ventrikh 
quist\s  skill  in  imitating  the  voices  coming  from  particular  direction!, 
consists  in  doceiviiig  other  senses  than  hearing.  We  never  distinguiA 
very  readily  tlie  direction  in  which  sounds  reach  our  ear;  and,  vh« 
our  attention  is  directed  to  a  particular  point,  on r  imagination  is  voj 
apt  to  refer  to  tliat  ])oint  whatever  sounds  we  may  hear. 

Action  of  the  Tonfjnc  in  Speech, — The  tongue,  which  is  usually 
credited  witli  the  power  of  speecli — language  and  speech  being  often 
emj>loyed  as  synonymous  terms — plays  only  a  subordinate,  although  very 
important  part.  This  is  well  shown  by  cases  in  which  nearly  the  whflh 
organ  lias  been  removed  on  account  of  disease.  Patients  who  reco^ 
from  this  operation  talk  imperfectly,  and  their  voice  is  considerahl 
moditied ;  but  the  loss  of  speech  is  confined  to  those  letters  in  the  pi» 
nunciation  of  which  the  tongue  is  concerned. 

Stammering  depends  on   a  want   of  harmony  between  the  action 
the  muscles  (chietly  abdominal)  which  expel  air  through  the  larynx, ai 
that  of  the  muscles  which  guard  the  orifice  (rima  glottidis)  by  whidi 
escapes,  and  of  those  (of  tongue,  palate,  etc.)  which  modulate  theeoaai 
to  the  form  of  speech. 

Over  either  of  the  groups  of  muscles,  by  itself,  a  stammerer 
have  as  much  power  a^  other  people.  But  he  cannot  harmoni 
arrange  their  conjoint  actions. 


CHAPTER  XYI 

THE    NERVOUS    SYSTEM. 

Fhb  nerrons  system  consists  of  the  following  parts:  firstly,  of  large 
968  of  nervous  matter  situated  within  the  hony  cranium  and  spinal 
mn,  and  constituting  the  brain  and  spinal  cord;  secondly,  of 
Her  masses  of  nervous  matter,  situated  for  the  most  part  in  the 
>minal  and  thoracic  cavities,  but  also  in  the  neck  and  head,  and 
ititating  what  are  known  as  sympathetic  ganglia;  thirdly,  of  cords 
lerve-fibres  which  connect  the  central  nervous  system  with  the 
pbery  and  with  the  so-called  sympathetic  ganglia,  which  are  not  in 
liy  a  system  independent  of  the  brain  and  cord  as  was  formerly 
fjbiy  but  are  really  part  and  parcel  of  the  same  system ;  and  fourthly, 
Spheral  organs  in  connection  with  the  beginnings  or  endings  of  the 
?rBB  at  the  periphery  of  the  body. 

Jl  will  be  necessary  to  consider  these  several  parts  of  the  nervous  system 
StUiQ;  it  will  be  most  useful  for  the  understanding  of  the  subject, 
Mfer,  to  proceed  first  of  all  with  the  consideration  of  the  properties 
krve-fibres,  as  this  forms  the  most  elementary  portion  of  the  subject. 
Jferve-fihres. — The  structure  of  the  different  kinds  of  nerve-fibres 
ibeensJready  dealt  with  (p.  91,  et  seq,) ;  their  function  remains  to  be 
indered  here. 

Function  of  Nerve -fibres. 

The  oflSce  of  nerve-fibres  is  to  conduct  impressions.  From  the 
oont  of  nervous  action  previously  given  (p.  543  et  seq.)  it  will  be 
iily  understood,  that  nerve-fibres  may  be  stimulated  to  act  by  any- 
1^  which,  with  sufficient  suddenness,  increases  their  irritability; 
f  are  incapable  of  originating  of  themselves  the  condition  necessary 
the  manifestation  of  their  own  energy.  The  stimulus  produces  its 
st  ujwn  the  termination  of  the  nerve  stimulated,  being  conducted  to 
f  the  nerve-fibre.  The  effect  of  the  stimulus  upon  a  nerve  therefore 
mds  iiiK)n  the  nature  of  its  end-organ.  Normally,  within  the  body, 
m  impulses  pass  in  two  directions:  (1)  away  from  the  cell  body  of 
nenron  over  its  axon,  and  (2)  toward  the  cell  body  over  its  deudron 
endrite.  Those  neurons  which  bring  the  cerebro-spinal  axis  into 
Hon  with  the  periphery  may  be  divided  into  two  classes:  (a)  those 
uh  carry  impulses  from  the  central  nervous  mass  toward  the  periph- 
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erj,  efieretit  or  centrifugal,  aud  (^)  those  which  cam  impalsestottej 
ceotral  nervous  mass  from  the  periphery,  afferent  or  centripeUil.  Ordi-I 
narily,  centrlftigal  impulses  originate  in  the  ceil  body  of  the  nettroLl 
Centripetal  impulses  originate  at  the  peripheral  nerYe-ending  of  thaj 
afferent  nerve.  The  same  nerve-iibre  will  carry  effective  impukii 
one  direction  only,  although,  when  a  nerve  is  irritated  anyvherei 
its  trunk,  impulses,  as  shown  by  electric  changes,  are  propagated  1 
both  directicua  over  the  axis  cylinder  and  its  branches.  The  direconaj 
of  effective  conduction  is  probably  determined  by  the  nature  of  th«eii4-j 
organ. 

Those  neurons  which  lie  entirely  within  the  oerebro-spinal  axisi 
which  have  no  direct  connection  with  the  perip!iery  are  known  afiiotr^l 
central  neurons*     They  serve  to  bring  into  relation  various  c«ll  gnwpiij 
in  the  eerebro-spinal  axis,  with  one  another. 

In:kpressions  made  npon  the  term! nations  or  upon  the  Uunk  of  I 
centripetal  nerve  may  cause  {a)  pain,  or  some  other  kind  of  eeoiatie 
{h)  special  sensation;  or  (r)  reflex  action  of  some  kind;  or  (f/)  ^obibi 
tion,.  restraint  of  action,     Similarly  impressions  made  upon  a  c*ntt^*\ 
Ufjai  nerve  may  cause  (u)  contraction  of  muscle  (motor  nerve);  (i)i 
may  influence  nntrition  (trophic  nerve);  or  (c)  may  influence 
(secretory  nerve) ;  or  {d)   inhibit,  augment,  or  stop  any  other  effei 
action. 

It  is  a  law  of  action   in  all  nerve-fibres,  and  corresponds  with  ^ 
continnity  and  eimplicity  of  their  course,  that  an  impression  m^d^  ^'U^ 
any  fibre  is  eimply  and  uninterruptedly  transmitted  along  it,  ^i'.tioatj 
itself  being  imparted  or  diffused  to  any  of  the  fibres  lying  near  it 
though  it  has  been  supposed  by  some  that  the  ravelin  sheath  of  1 
nerve-flbre  acts  as  an  insulator  of  the  axis  cylinder,  this  can  be  look 
upon,  perhaps,  only  as  an  additional  protection,  since  a  large  dasj 
nervo-flbres  is  devoid  of  meclyUation.     It  must  therefore  be  an  mh% 
property  of  the  oerve-fibre,  itself,  to  carry  impulses,  without  tra 
sion  to  adjacent  fibres. 

Vehdft/  of  a  Xervoiis  hnpnise. — The  change  which  astimulussetsup^ 
a  nerve,  of  the  exact  natnre  of  which  we  are  unacquainted,  appears  tot 
along  a  nerve-fibre  in  both  directions  with  considerable  velocity  iaii 
form  of  a  wave.  Helmholtz  and  Baxt  have  estimated  the  average! 
of  conduction  in  hnman  motor  nerves  at  111  feet  (nearly  29  metres) 
second ;  this  result  agreeing  very  closely  with  that  previously  obti 
It  is  probably  rather  under  than  over  the  average  velocity.  Rather 
observations  agree  with  those  of  Von  Wittich,  that  the  rate  of  tn 
sion  in  sensory  nerves  is  about  140  feet  (43  metres)  per  second,  i 
velocity  of  the  nerve  impulse  in  mott>r  nerves  has  been  calculated  byn^ 
ing  the  duration  of  the  interval  between  two  contractions  of  the  a 
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iscle  when  stimulated  by  meaua  of  two  pairs  of  electrodes,  one  placed 
ind  the  nerve  close  to  the  muscle,  and  the  second  placed  at  a  known 
ance  further  awiiy  from  the  muscle.  The  contraction  ensues  when 
5  stimulua  is  applied  farther  from  the  muscle  later  tiian  the  other 
le,  and  the  interval  between  the  two  contractions  is  occupied  by  the 
luge  of  the  impulse  down  the  nerve.  With  these  data  it  is  concluded 
It  the  velocity  of  the  passage  of  the  nerve  impulse  in  a  frog's  mLJtur 
Ire  is  28  to  30  metres  per  second*  In  the  human  motor  nerve,  cal- 
luted  by  applying  the  stimulus  through  the  skin  instead  of  directly 
I  the  nerve,  the  velocity  is  greater,  viz.,  about  33  to  50  metres  per 
CQud.  In  sensory  nerves  the  velocity  is  said  to  be  about  30  to  33 
ptrea  per  second.  Various  conditions  modify  the  rate  of  transmission, 
!  which  (emperature  is  one  of  the  most  important,  a  very  low  or  a  very 
|li  temperature  diminishing  \i\  fatigue  of  the  nerve  acting  in  the 
me  direction,  but  hicreme  of  the  siimulus  up  to  a  certain  point  increaa^ 
[  it,  as  does  also  the  katekciroionic  condition  of  the  nerve. 

Ths  Cerehro- Spinal  Nervous  System, — The  parts  of  which  this  sys- 
L  is  composed  are  the  following:  {a)  the  spinal  cord  and  its  nerves^ 
the  brain  made  tip  of  cerebrum,  crura  cerebri  and  the  ganglia  in  con- 
Jtion  with  them,  pons  varolii,  cerebellum^  and  the  medulla  oblongata, 
bulb  which  connects  the  upper  parts  of  the  system  with  the  spinal 
id,  or  medulla  spinalis, 

'  AJl  of  these  parts  of  the  nervous  system  are  nerre-eentreB,  in  contra* 
MDction  to  nerve-tiunkd,  and  differ  from  the  nerves  in  being  made  up 
Derve-cells  and  their  branchings  aa  well  as  of  nerve-fibres.  As  now 
iceived,  the  nerve-centres  are  composed  of  neurons,  while  the  nerve- 
Dks  are  made  up  of  the  neuraxoaa  with  their  various  termiuals.  (See 
»1  et  seq.)  There  are  other  ganglia  besidesthese,  distributed  clsewliere 
,  Dot  within  the  cranium  and  spinal  column,  but  thetse  are,  for  th& 
I  of  convenience,  considered  apart,  under  the  head  of  the  sympathetic 
ezD,  aa  they  present  some  differences  to  the  more  central  ganglia. 
The  cerebro-spinal  centres  then  are  distinguished  from  mere  nerve- 
iks  by  the  possession  of  nerve-cells;  these  are,  as  we  have  seen  in  a 
tier  chapter  (p.  90  et  seq.),  of  different  kinds;  they  very  possibly 
tr  in  function.  It  is,  however,  to  the  possession  of  ganglion-celk 
the  increase  of  the  functions  of  nerve-c^^ntres  over  that  of  nerve- 
ks  is  credited.  Before  turning  to  the  discussion  of  the  functions 
le  spinal  cord  it  will  be  as  well  to  devote  a  little  time  therefore  to 
question  of  the  functions  of  the  nerve-centres  in  general.  The 
lia  of  the  sympathetic  system  also  contain  nerve-cells,  but  to  these 
mpposed  a  different  use  is  to  be  assigned,  and  what  is  said  as  to  the 
Hans  of  nerve-ganglia  in  this  place  is  only  to  be  applied  to  those 
le  cerebro-spinal  centres. 


570 


HANDBOOK  OP  PHY8I0L00Y. 


Functions  of  Nebye-centres. 

Reflex  Action. — From  a  physiological  point  of  Tiew,  it  maj  I 
considered  necessary  that  before  a  nerve-cell  can  send  out  a  nene  in 
pulse  it  must  first  receive  a  stimulus  of  some  kind.     This  stimuli 


F\g.  353.— Schematic  sketch  of  a  reflex  arc ;  ^,  with  two  neurons,  an  affermt  and  an  eflerait: 
with  three  neurons,  an  afferent,  efferent,  and  a  connecting  or  Intraoentral  neuron. 


usually  consists  of  an  afferent  impulse  from  the  periphery.     Its  eife 

upon  the  receiving-cell  may  be  insufficient  to  cause  any  response,  or  tl 

response  may  be  delayed  for  a  long  period 

and  may  involve  many  complicated  nervous 

activities,  and  even  psychological  processes. 

Where    the   response   is   approximately    im- 

niediiite,  the  reaction  is  known  as  a  reflex. 

A  relk'X,  reduced  to  its  simplest  terms, 
consists  of  the  following  elements:  (a)  a 
sensory  surface;  (//)  an  alTerent  neiiTon ;  (f) 
an  efferent  neuron ;  ((/)  a  muscle  or  gland. 
These  associated  elements  form  what  is 
known  as  the  reflex  arc.  The  simplest 
form  of  rellex  arc  is  schematically  shown  in 
figs.  35:3,  354. 

The  gap  between  the  termination  of 
the  afferent  neuron  and  the  dendron  of  the 
efferent  neuron  shown  in  fig.  353  is  called  a 
f<j/fi(ipsi.s.  The  reflex  arc  is  probably  seldom 
as  simple  as  that  shown  in  fig.  354,  where 
only  two  neurons  are  involved.  More  often, 
three  or  more  neurons  take  part,  as  shown  in 
figs.  353,  355. 

The     neuron    connecting    the     afferent 
neuron  with    the  efferent  neuron  belongs  to   the  class  of  iutracent 
or    connecting    neurons.      Since    all  parts  of   the    cerebro-spinal  a 


Fiff.  a>4.— Showing  the  arm 
meut  of  a  siimple  reflex  mf<4 
ism  <'(>in|x»!Hni  of  a  iiiotur  tod  i 
sory  neumn.  >(/.  Pteterlor  sp< 
)ran}?lioQ  ;  m,  and  Mh,  seus«iry  p 
«i,  motor  ner\e  c-ell;  m«,  m 
root. 
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ectly  connected  with  one  another  by  intracentral  neurons,  the 
y  of  increasing  the  number  of  efferent  limbs  of  the  reflex 
be  readily  understood.  The  transmission  of  impulses  with- 
3rain  and  cord,  however,  occurs  over  the  pathways  of  least 
e.  Increasing  the  number  of  synapses,  or  the  number  of 
links  in  the  chain  of  conduction,  increases  the  resistance, 
reflexes  will  occur  most  readily,  other  conditions  being  equal, 
le  least  number  of  neurons  is  involved.  In  addition  to  the 
of  synapses  in  the  reflex  arc,  other  factors  are  of  importance 
nining  reflex  reaction;  e,g,^  the  intensity  of  the  exciting  stimu- 
quality  of  the  stimulus,  the  rapidity  of  the  recurrence  of  the 
,  and  the  duration  of  its  application.  Tims,  a  strong  stimulus 
ig  about  a  reflex  reaction  sooner  than  a  weak  stimulus  of  the 
id.  A  single  weak  stimulus  which  will  cause  no  reflex  may  do 
n  enough  and  rapidly  enough  repeated.  This  is  known  as  the 
yn  of  aiimnli, 

lex  act  once  started  may  continue  for  some  time  after  the  ex- 
iuse   has  been   removed.     The  same  phenomenon  is  observed 


lowing  the  arranjjpment  of  the*  reflex  mechanl5»m,  with  a  neuron  lntervalate<l  iw'tween  the 
8en»ur>  uutl  motor  neurons. 


oups  of  nerve-cells  are  stimulated  directly.  It  has  been  found 
ring  electrical  changes  in  nerve-fibres,  by  means  of  the  capillary 
Bter,  that  when  their  cells  of  origin  are  stimulated  they  dis- 
mpulses  in   a  rhythmical   manner  at  the  rate  of  G  to  10  per 

lly,  impulses  are  transmitted  to  a  nerve-cell  only  over  its  den- 
ut  it  must  be  also  assumed  tliat  such  a  conveyance  of  impulses 
)  place  over  the  collaterals  of  its  axone,  near  the  cell  body.     In 
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this  case  the  axone,  with  its  collateral,  acta  as  a  double  paihwa^y 
ducting  impulses  both  centrifugally  and  centripeUilly.  The  peri] 
ajione  of  the  spinal  ganglion  nerve-cell,  although  it  has  the  structure  d 
a  neuraxone,  rnay  be  looked  upon  both  phjlogenetically  and  physiok)gi* 
cally  as  a  deudron,  since  homologaes  in  lower  vertebrates  and  in  mn 
himself  (olfactory  nerve-cells)  have  this  structure*  the  oenre-oell 
being  situated  near  the  sensory  surface  from  which  impressioni 
received. 

Diffusion  of  impnlses  within  the  cord. — Taking  a  frog  whose 
has  been  destroyed  as  an  example,  a  simple  reflex  may  be  demoi 
by  irritating  tlie  skin  of  one  foot  with  a  weak  stimulus*     In  respoon 
such  a  stimulus  the  foot  is  flexed  upon  the  leg,  due  to  a  con  traction 
the   muscles  corresponding    to   the  sensory   surface  irritated.    If  tk 
strength  or  duration  of  the  stimulus  bo  increased,  other  groups  of 
clea  are  involved  in  the  following  order:  (1)  Those  of  the  leg  aod 
of  the  same  side;  {%)   homologous  muscles  of  the  opposite  side;  ( 
arm  of  the  opposite  side;   (4)  arm  of  the  same  side.     This  is  due  to 
overcoming  of  resistance  in  oilier  reflex  pathways,  and  the  affertmt  ua 
pulses  are  said  to  be  dtffitsed  within  the  cord. 

Involvement  of  multiple  pathways  may  also  be  accomplished  thiol 
decreasing   the  resistance  within  the  cord,  as  through  the  use  of 
drug  such  as  strychnine.     Hodcr  these  circumatancea  a  slight  stii 
may  bring  about  multiple  aud  violent  reflex  spasms.     The  decreatt 
resistance  may  be  due  to  a  decrease  in  the  resistance  at  the  fiynapaeSi 
possibly  also  to  an  increase  in  the  irritability  of  the  discharging 
cells.     We  must  also  suppose  that  the  centres  are  panicnlarly 
to  certain   kinds  of  stimuli,  sometimes  producing  very  extensive 
violent  muscular  actions  in  response  to  a  slight  stimulus  of  a 
kind.     Such  a  condition  is  illustrated  in  the  violent  and  general 
cular  spasms  occurring  when  a  small  particle  of  food  passes  iofco 
larynx,  violent  expiratory  spasms  accompanied  by  contractions  of 
mnsclea  taking  place. 

The  time  taken  in  a  reflex  action  has  been  found  to  be  .066  to 
second,  but  tliia  is  only  a  rough  and  arbitrary  estimation. 

Automatism.^— A  second  function  which  appears  to  be  poaaessed 
certain  nerve-centres  and  not  h}^  others  is  that  of  automatic  action 
automatism.  By  this  is  meant  that  it  ia  not  dependent  for  its  dischil 
upon  any  aHerent  stimuli,  but  that  it  ia  capable  of  sending  out  of  il 
efferent  impulses  of  various  kinds.  The  centre  may  be  supposed  to 
this  by  the  nature  of  its  own  metabolism,  anabolism  or  building npof 
explosive  substance  being  followed  by  katabolism  or  its  discharge. 
that  the  centre  sends  out  its  impulses  to  muscles  rhythm ically* 
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iwer  of  aiitomatigm  we  have  aeeii  is  attributed  to  the  respiratory  centres 
the  bulb.     Id  this  connection  it  must  be  remembered  tliat  the  terra 
tomatism  is  eiaiply  a  relative  one,  and  that  some  kind  of  a  stimulua  ia 
lecesaary  to  cause  a  nerve-cell  to  discbarge  impukei. 

Inhibition  and  Augmentation. — Not  only  may  moYements  of 
Duscles,  discharge  of  secretion  from  gland-cells  and  the  like  be  produced 
Jj&ffercnt  impulses  reaching  nerve-centres,  but  also  inhibition  of  action 
rhieh  is  already  taking  place.  This  ie  well  seen  in  the  matter  of  the 
nkibitory  action  of  the  vagus  upon  the  cardiac  contractions*  The  vagi 
oavey  to  the  heart  impulses  from  the  cardio-inhibitory  centres  which 
lave  a  restraining  action  upon  the  contractions  of  the  heart,  as  is  seen 
the  increase  in  the  frequency  of  the  heart-beats  when  the  vagi  are 
Tided;  but  we  have  seen  that  appropriate  afferent  stimuli,  as,  for 
tample,  when  applied  to  the  abdominal  sympathetic,  may  increase  the 
■^a  of  the  centre  to  such  an  extent  that  the  lieart  may  Ijo  altogether 
^^ed  in  diastole.  In  such  a  c^ise  the  result  of  the  aiferent  stimuli 
)on  the  centre  has  been  to  produce  complete  inhibition  and  not  mus- 
liar  contraction.  This  ia  not  the  only  example  of  inhibition  which 
ight  be  instanced;  the  action  of  almost  any  centre  may  be  inhibited 
f  impnlses  reaching  it;  indeed  the  effect  of  afferent  impulses  npon  a 
atre  may  be  not  only  not  to  set  it  into  activity,  but  to  prevent  or 
vp  an  action  already  going  on.  On  the  other  hand,  the  action  of 
fen»nt  impulses  upon  a  nerve-centre  may  be  to  augment,  render  more 
werful  or  extensive,  and  increase  in  a  certain  direction  an  action 
ready  in  course.  Such  may  be  well  illustrated  by  the  action  of  the 
tgi  upon  the  respiratory  centres  to  which  attention  has  been  drawn  in 
le  chapter  upon  respiration. 

Membruies  of  the  Brain  and  Spitml  Cord.^The  Brain  and  Spinal  Cord  are 
iveloped  in  three  membranes — (1)  the  Dura  Mater,  (2)  the  Arachnoid,  (3) 
e  Pia  Maier- 

(1)  The  Dura  Mater,  or  external  covering,  is  a  tough  membrane  compoeed  of 
Indite  of  connective- tissue  which  crnss  at  various  angles,  and  in  whose  inter- 
1000  branched  connective- tissue  corputjclea  lie :  it  ia  lined  bj  a  thin  elastic  mem- 
antioQ  the  inner  aorface  and  where  it  is  not  adherent  t^J  the  bone,  on  the 
surface  aJso  ia  a  layer  of  endothelial  cells  very  aimilar  to  those  found  la 
membranes.  (2.)  The  j4m<-Amiiif  ia  a  much  more  delicate  membrane*  very 
in  §  true  lure  to  the  dura  mater,  and  lined  on  Ita  outer  or  free  surface  by  an 
lella)  membrane, 
(3.)  The  Pia  MaUr  consists  of  two  chief  layers,  between  which  numerous  blood- 
ili  ramify.  Between  the  arachnoid  and  pia  uiater  is  a  network  of  fibrous- 
tmbecula?  sheatlied  with  endotheHal  cells:  these  sub-arachnoid  trabeculm 
de  up  the  aub  aracliDoid  apace  into  a  number  of  irregular  glnuaes.  There  are 
similar  trabecular,  but  much  fewer  ia  number,  traversing  the  aub-dural  space, 
»  the  space  bet  wee  a  the  dura  mater  and  arachnoid. 


S^?*?^?«*P''V*^^"'^^  *'*''«  '^■*>  ^^^  removed,  uml  the  roots  aod  flr»t  part  of  tbeflftii  lod 
S?  wal\S*l^i  ?i^.i?i'''.^  '*'Y.?  *»'  the  right  «ide,  ha^  been  djSiSS  ST-S  Uld™5«f.fi 
{{:«  Siii'o^SL^'^fc  Tifcr'B^Si.^^f ""  "^P^*"  lo  the  pl.ce  of  their  Btu^l  «»i 

Aod  alkaline  reaction,  and  U  not  alfected  by  heat  or  acids.  It  cootalnii^H 
parts  of  water,   NaCJ ;   traces  of   KCl,  sulfatea.  carbouates,  aUtallne  aed  e 
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losphates,  minute  traces  of  urea,  sodium  lactate,  fatty  matter,  cboleBtertn,  and 
bumen,     (Fliut. ) 

Biechioniiin  lx>die«  are  growths  from  the  eub-araehnoid  network  of  connec- 
re-tissue  tml>ec^ula*  which  project  through  email  holes  in  tlie  inner  layers  of 

I  dura  mater  into  the  venous  sinuses  of  that  membrane.     Tlie  venous  sinuses 

the  Uura  mater  liave  lieen  injected  from  the  sub-arachuoidal  space  through 

intermeiiiation  of  these  Tillous  outgrowths. 


The  Spinal  Cord  and  its  Nerves. 

The  Spinal  card  is  a  cylindriform  column  of  nerve-snbstance  con- 
icted  above  with  the  brain  through  the  medium  of  the  bulb,  and  ter- 
inating  below,  about  the  lower  border  of  the  tirat  lumbar  vertebra,  in  a 
mder  filament  of  gHj  substance,  the  Jilum  ientiifmle^  which  lies  in  the 
idst  of  the  roots  of  many  nerves  forming  the  randu  equitia. 

St rt(€tu re.— The  cord   is  composed  of  white  and  gray  nervous  sub- 

^ce,  of  which  the  former  is  situated  externally,  and  constitutes  ita  chief 

trtion,  while  the  latter  occupies  its  central  or  axial  portion,  and  is  so 

ranged,    that  on   the  surface  of  a  transverse  section  of  the  cord  it 

lears  like  two  somewhat  crescentic  masses  connected  together  by  a 

'ower  portion  or  isthmus  (fig.  357).     Passing  through  the  centre  of 

&  isthmus  in  a  longitudinal  direction  is  a  minute  canal   (central 

al),  which  is  continued  through  the  whole  length  of  the  cord,  and 

ns  above  Into  the  space  at  the  back  of  medulla    oblongata  and  pons 

olii,  chilled  the  fourth  ventricle.     It  is  lined  by  a  layer  of  columnar 

Cited  epithelium* 
The  spinal  cord  consists  of  two  exactly  symmetrical  halves,  separated 
sriorly  and  posteriorly  by  xeTticiilfimnmi  (the  posterior  fissure  being 
Iper,  but  less  wide  and  distinct  than  the  anterior),  and  united  in  the 
ddle  by  nervous  matter  which  is  usually  described  as  forming  two 
kimfssurea — an  anierior  commissure,  in  front  of  the  central  canal, 
luifiting  of  nieilullated  nerve-libres,  and  a  posterior  commissure  behind 
^  ceiUral  canal  consisting  also  of  mcdu Haled  nerve-fibres,  but  with 
(re  neuroglia,  which  gives  the  gray  aspect  to  tliis  commissure.  The 
^e8  of  the  commissures  are  mainly  composed  of  collaterals.  Each 
f  of  the  spinal  cord  is  marked  on  the  sides  (obscurely  at  the  lower 
rt,  but  difitinetly  above)  hy  two  longitudinal  furrows,  which  divide  it 
l>  three  portions,  columns,  or  tracts,  an  anierior^  hitenil^  and  posterior. 
nn  the  groove  between  the  auterior  and  lateral  columns  spring  the 
Briar  roots  of  the  spinal  nerves  (4);  and  just  in  front  of  the  groove 
*ireen  the  lateral  and  posterior  columns  arise  the  posterior  roots  of  the 
ije;  a  pair  of  roots  ou  each  side  corresponding  to  each  vertebra. 
White  Matter; — The  white  matter  of  the  cord  ia  seen  to  be 
de  up  of  medullated  nerve-fibres,  of  different  sizes,  arranged  longi* 
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tudinaJly,  and  of  a  Bnpporting  niaterial  of  two  kinds^  viz.: — (n)  crdiBifj 
fibrouB  cotioective  tissuo  'with  elastic  iibrea,  which  is  cotiuected  till 
septa  from  the  pia  mater  which  paag  into  the  cord  to  carry  tbe  blood  ' 
vessels,     (if)  Neuroglia;  this  material  is  made  np  of  the  bnmcbmg celk  I 
(fig.  351O1   tf^3  bodies  of  which,  in  consequcDce  of  the  high  develojunenl 
of  the  brauehinga,  are  small.     Tho  processes  of  the  neurogha-cells  li»j 
arranged  so  as  to  support  tho  nerve-fibres  which  are  without  the  oisail 
external  nerve  eheaths.      Kenroglia  was  formerly  considered  to  be  i 
kind  of  GODoeciive  tissue,  but  is  now  considered  to  be  a  distinct  oiAtdriaL 
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Fig.  8S7.  — HoHxontAl  nectlon  of  the  cord  and  tU  envelrtpeB,  «t  the  middle  of  a  T«rtetifil 
"bemntlc).  1.  Spinal  conl  with  S,  iu  anteHur  ritf^rlian  fliRure;  8.  it*  p4i«tehor  mf^^  A' 
Dtistrtor  rooUi  ft.  posterior  rt>otJii  6^  ptA  maier  <iu   reiiy;  7,  liframftituni  dertntum:  «, 


CScbemntIc). 

4,MiKMior  rooui  a,  jjoHterior  rnotui  ..  , .._  ..  ._  .,  

itvg  flbrefl  pas<«lnf7  froDi  thi^  pla  (n  dura  riiati^r:  Q.  visceral  layer  and  $^',  pari«'tAl  loreruf 
ariichnrtld  {fii  bluej;  UK  sulinrAHirmld  iipaet»:  11,  arachnoid  caritv;  12,  dura  mat4*r  (In  ^elMK' 
peril (Mteuiii;  18',  ^xtrrna)  ptTinfttvum:  II,  i.t^lltil&r  tinKue  eiiruateci  betw«eil  the  dura  tnaifrtoai 
wall  of  thH  Yert4*bral  c5anAl:  l^y  ctimmoa  poatorior  Tert^^brat  llgamezit;  10^  intra-splDal v  ' 
vert  ehra  1  u  aectiou.    (Test  u  L  ) 


It^ia  derived  from  the  neural  epiblaat,  and  yields  Beuro-keratin.  (Seep.] 
107.) 

The  general  rule  respecting  the  size  of  different  parts  of  the< 
appears  to  be,  that  each  part  is  in  direct  proportion  in  this  respect  to| 
size  and  number  of  nerve-roots  given  off  from  it,  and  has  bat  little  i 
tion  to  the  size  or  number  of  those  given  off  below  it.     Thus  the  cardij 
very  large  in  the  middle  and  lower  part  of  its  cervical  portion,  whe 
arise  tho  large  nerve-roots  for  the  formation  of  the  brachial  plexuses  i 
tne  supply  of  the  upper  extremities,  and  again  enlarges  at  the  loi 
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d  its  dorsal  [portion  and  the  upper  part  of  its  lumbar,  at  the  origins 
» large  nerves  whicli,  after  forming  the  lumbar  and  sacrul  plexuses, 
fltributed  to  tlie  lower  extremities.  The  cliief  rause  of  tlie  greitter 
t  these  parts  of  the  ipinul  cord  is  increase  in  tlie  quantity  of  gray 
rj  for  there  seems  reason  to  believe  that  the  white  part  of  the 
becomes  gradually  and  progressively  larger  from  below  upward, 
less  from  the  addition  of  a  certain  number  of  upwurd  piiseing 
from  caeh  pair  of  nerves. 


'&, 


S*i- 


I 


^^^1^ 

^^m^ 


%:7'^-..-f^^:_ 


\'^*^.-  Fi'oiti  iliP  lotvt^r  liim^mr  cord  of  maiiK  aftfr  a  preparfttion  hy  KirtDui^  ami  MiJJler,  of 

JiiJjViiniiiK  jiikftirjiiHof  iht*  luU^rul  efrluiun  In  rt^juf^utfii,  Hlirtwini-:  miU'rior 
iiie<lii1|at*^l  ribri'H  vrhk'l)  enter  i\\*f  p-ity  Hiih«*ffliii'<^  from  l{m  latoml  column 

fouiul  ik^  aurve-ceUa,  which  here  are  |>rovided  witii  flue  pigiuetited  graauii^.    High  power. 

terj 

Pom  caroful  estimates  of  the  number  of  nerve-fibres  in  a  transverse 
m  of  the  cord  toward  its  upper  end,  and  the  numlxjr  entering  or 
Ig  from  it  by  the  anterior  and  jiosterior  roots  of  caclipairof  nerves, 
i  been  shown  that  in  the  human  spinal  cord  not  more  than  half 
3  total  number  of  nerve-fibres  of  all  the  apinii!  nerves  are  contiiined 
iransverse  section  near  its  upper  end.  It  is  obvious,  therefore,  that 
Bt  half  of  the  nerve-tibres  entering  it  must  terminate  somowhero  \u 
krd  itself. 
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tuJinally,  aTi^  of  a  Bupporting  material  of  two  kinds,  viz.: — (a)  ordioiij 
fibrouB  couDective  tissue  with  elastic  fibrei,  which  is  connected  titk 
septu  from  the  pia  mater  whieb  jiass  into  the  cord  to  carry  tlie  blooJ 
vesselH,  (h)  Neuroglia;  this  material  is  njade  up  of  the  bniuchiagt 
(fig.  359)^  tlie  bodies  of  which,  in  consequence  of  the  high  develo 
of  the  branchings,  are  small.  The  processes  of  the  Deuroglia-cells  I 
arranged  so  as  to  support  the  nerre-fibrca  which  are  without  the 
external  nerve  ebeatbs*  Neuroglia  was  formerly  coni^idered  to  be 
kiod  of  oonnectiro  tiBsue,  but  is  now  considered  to  be  u  disciDct : 


IS    IS 


16 


17 


15 


y  Mi 


MhSiRJ 


!^*^. 


ms' 


Fig.  aST.  — RoHimntal  fteclloti  of  the  cord  lind  Itn  pnT«»if>ji«»,  «t  th*  tT»i'^'il^  *-^t  a  ^' 
<SohematJc).     1,  Bptnal  cord  with  U,  ttA  anterior  median  fltMure:  S.  it«  i 
"t^aotarlor  rootui  6,  jxisterlot  mots:  fi,  pla  marer  fin  red):  7.  limAnit-ntii 
ing:  abrt'i*  i>as?«lniK  from  ihe  pla  to  dura  tn*ti*r:  ft,  vit»-"»'r-ri(   ijivi-r  ftmi 
Arochnokl  (in  bUie>:  10,  ttuburai^tmold  8|iace:  11,  arachn> 
l»<?rlusleiini;  13',  exftrnAl  pHrJoBttJUiii;  N,  t^eUular  tlattu*^ 

waU  of  th«  irprtebrftl  canml;  1ft,  Cfjtntnoii  po8C«iior  Tcrti    _i.  ..^„„^„:,  ..,  .„: 
irertebra  i  d  HacUou.    (Te«tut.  > 


It!  is  derived  from  the  neural  epibkst,  and  yields  neoro-ker 
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The  general  rule  respecting  the  size  of  different  nm 
appears  to  be,  that  each  part  is  in  direct  proportl  ^. 

size  and  number  of  nerve-roots  given 
tion  to  the  size  or  number  of  those  gi 
very  kirge  in  the  middle  and  lower  ] 
arise  the  large  nerve-roots  for  the  fr 
tne  supply  of  the  upper  extremiti 


t  r: 


678 


HAKBBOOK  OV  FHT8IOX4WT. 


Tbe  gray  matter  of  the  spinal-oord  ooDauti  of  nnmeroni  gnnpi  i, 
nerve-cells,  of  a  doee  mesh  work  of  mednlhted  fibiei,  moik  of  vUehai 
▼ery  fine  and  delicate,  and  of  an  extremely  delicate  network  of  at 
cylinders.     This  latter  fine  plezas  baa  been  called  "  Oerlaoh*s 
Mingled  with  it  and  supporting  it,  is  the  meshwork  of  the 
which  is  finer  even,  in  its  stmctnre,  than  that  of  the  nenre-tiMi^ 
that  except   under  proper  staining  and  illnmination,  it  mqf 
granular.    This  is  especially  developed  aroand  tbe  central  oanil, 
is  lined  with  colnmnar  ciliated  epitbeliam,  the  oella  of  whidi  it 
outer  end  terminate  in  fine  processes,  which  join  tbe  nenroi^Iisr 
surrounding  the  canal,  and  form  the  Mubikmtia  gdatimm  cviMai 


Fife.  %().  —Different  tmsm  of  neuroglia  cells.    (After  t.  Gehnchlen.)    6,  NeurogUaedKC* 
white  substance,  and  c,  of  tue  Kn^y  substance  of  the  cord  of  an  embryo  calf. 

Neuroglia  was  formerly  thought  to  be  mainly  present  in  the  tip  ot  ti 
posterior  coriiu  of  gray  matter,  forming  what  is  known  as  the  subdsA 
geUtimsa  lateralis  of  UolaDdo,  through  which  the  posterior  nerve-i 
pass.  This  is  now  known  to  be  composed  of  very  small  nerve-celli  i 
their  processes. 

Groups  of  cells  in  (jray  matter. — The  multipolar  cells  are  either  i 
tered  singly  or  arranged  in  grouiw,  of  which  tbe  following  are  to  be 
tinguished  on  either  side — certain  of  the  groups  being  more  or  k 
marked  in  all  of  the  regions  of  the  cord,  viz.,  those  («)  in  the  anteri 
cornu,  {b)  those  in  the  posterior  cornu,  and  {c)  intriusio  colls  distribst 
throughout  the  gray  matter. 

(a)  The  cells  in  the  anterior  cornu  are  large  and  branching, 
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give^  rise  to  uri  axie-cyliuiler  proccas  which  ptissea  out  in  the 
ior  nerve-root.  These  cclla  are  everywhere  coiiapiciious,  but  are 
jularly  luuiierous  in  the  eerviL'sil  and  lunibiir  eulargemeots.  In  these 
cts  thty  nmy  bo  dividyd  iuto  j^evurtil  groups — (i.)  ii  group  of  large 
sloee  to  the  tij^  of  the  inner  part  of  tha  anterior  corun^ — all  the  cells 
>  anterior  cornii  in  tbo  chirj^al  or  thoracic  region  are  eaitl  to  belong 
18  group;  (ii,)  several  lateral  groups  (2,  <t,  b^  antl  r,  fig.  301)  on 
ittT  side  of  the  gray  mutter,  anil  (iii.)  a  certain  number  of  cells  at 
ise  of  the  inner  jjart  of  the  anterior  coruti  particuhirly  well  marked 
I  thoracic  region,  (h)  Cells  of  the  posterior  cornu — theae  are  not 
reus;  they  are  email  and  branched,  and  each  has  an  axis-cylinder 


^ 


?# 


1 


aax— Section  of  Fpiiml  cord,  oDn  half  of  which    Ck»ft)  showB  Jh*?  tmctn  of  the   white 
and  Ihe  other  Imlt  (ri><ht»  aiiowH  the  iHisltfoti  of  the  (jn-rve  cells  iu  Uk?  tzray  iiuitier.    7, 

rl  «  mre  tniet«  of  th^jvndSn^  ile^^Qcratiou,  3,  4»  (J  and 8,  of  ttscendlntr  degeneration.    6&mi- 

uxiaUe.     (After  SherrinjurtotiO 

18  paseing  off;  but  these  processes  do  not  pasa  into  the  posterior 
roots.  The  groups  aro  two  at  least  in  number,  vis?.,  (i.)  iu  cun- 
u  with  the  edge  of  the  gray  matter  extenuilly,  where  it  is  consider- 
rokcn  u\i  by  the  passage  uf  bundles  uf  Ohres  through  it,  and  called 
Jeral  rti k u  In r  fm 'ma t  Ion ;  a u  d  ( i  i  - )  i  u  con  ii e c  t  i  o n  w i  t b  a  s i  ii  i  i hi r 
lar  formatiouj  more  at  the  tip  of  tho  gray  matter  of  the  posterior 
;  this  is  known  as  the  fKhsfcrior  rffiri(htrJhrmaiion, 
group  of  celliJ  (No  3,  lig.  300)  is  situated  at  the  base  and  me- 
lide  of  the  posterior  cornu.  It  is  formed  of  fairly  large  cellsj  fuel- 
in  shape,  aijdconstitute&  the  posterior  vesicular  coluiun,  or  Clarke's 
III.  It  oxtendafrom  tlic  upper  lumbar  to  the  lower  cervical  region^ 
le  outer  portion  of  the  gray  matter,  midway  between  the  anterior 
osterior  conina,  is  a  group  of  cclla,  known  as  the  vdls  of  (lie  htn^al 
mlumn^     Theise  are  gjuall  aud  spindle-shaped^  and  are  more  or  less 
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marked  in  t\m  lumbar  region,  m  y,el\  m  in  the  iboracic  region  (K^ 

6,  fig.  mo). 

(r)  Brsidos  these  groups,  whitdi  have  their  namea  largelv  rn  le- 
couut  of  thuir  locution,  tbere  are  distributed  throughout  tk  grif 
mutter  a  very  large  number  of  other  cells,  which  are  known  m  kitim 
cells.  These  send  out  Deuraxons  whicli  pasa  into  the  wbit^  mattv 
of  the  Baiue  or  the  opposite  side,  pass  up  am]  down  the  cord,  enter  tbi 
gray  matter  again,  and  connect  there  by  their  end-briiehes  with  cells  iti 
different  level  of  the  cord.  The  intrinsic  cells  are,  therefore,  in  tlw 
main,  comniiBsurat  in  their  function,  that  is  to  say,  they  unite  tljc  tvft 
B idea  or  cUffe rent  levels  of  the  cord.  They  are  also,  tberasehegjn  ifr 
lation  with  the  fibres  and  cells  of  the  anterior  and  poaterior  corDna. 

Coifimns  a  ltd  /rmY.v  m  thetrhile  matter  of  the  ttpimtl  cord, — In  iMldJtwa 
to  the  cuhuiuis  of  the  white  matter  ^vbieh  arc  niarked  out  by  the  ])omti 
from  which  the  nerve- rootjs  issue,  and  whicli  are  the  anterior^  the  htfd 
and  posterior y  the  posterior  is  further  divided  by  a  septum  of  ihepii 
umter  into  two  almost  cquid  parts,  constituting  the  pujitero-riimd 
column,  or  fotumn  of  Burtiack  (tig.  3G1,  2),  mxdihojfOiitrro-mt'dmtiii 
t'ohftHH  of  (hill  (fig.  an  I,  1).  In  addition  to  these  columns,  howevt^il- 
has  been  bIiowii  that  the  white  niatlcr  can  lie  still  further  subilivitltA 
This  subdivision  has  been  accomplished  by  evidence  of  eeverr*'  l^ii^^*. 
that  the  parts  or,  as  they  are  called,  tracts  in  the  white  matter, 
diJfereut  functious  iu  the  continctiou  of  imjuiUes. 

The  methods  of  observation  are  the  following: — 

(ft)  ^'hQrmbrtfoIogicfii  mctliod.     It  has  been  found  that  if  thedei 
mont  of  the  spinal  cord  be  carefully  observed  at  different  stages  tlml 
tain  groups  of  the  iK^rve-fibres  imt  on  their  myelin  sheath  at  earlier 
ode  than  others,  and  that  the  diilerent  groups  of  tibres  can  therefore 
traced  in  various  directions.     This  is  known  as  the  method  of  Flecl 

(^)    Walien'ffti  or  drf/vin'ratioti  vhthnL — This  method  depends 
the  fact  that  if  a  ncrvo-fibro  is  separated  from  its  nerve*cell,  it  wajstdi 
degenerates.     It  consists  in  tracing  the  course  of  tracts  of  degetu 
fibres,  which  result  from  an  injury  to  any  jnirt  of  the  central 
Bystem.     When  fibres  degenerate  below  a  lesion  the  tract  Is  said  to^ 
of  desvvndlng  d('(jnic ration^  and  wlieu  tlie  fibres  degenerate  in  tii€ 
site  direction  the  tract  la  one  of  asvinding  dct/eneratkm.     By 
methods  of  staining  of  the  central  nervous  system  it  bas  proved 
]janitivcly  eaisy  to  dietiuguish  degenerated  purts  in  sections  of  the 
and   of  other   portions  of  the  central  nervous  system.      Degeiw 
fibres  have  a  diHereut  staining  reaction  when  the  sections  are 
by  what  are  called  Weigcrt'a  and  Marchi's  methods.     Accidents  tr 
central  nervous  system  iu  man  bavo  given  us  much   information  v 
this  subject,  but  this  has  of  late  years  been  supplemented  and  la 
extended   by  the  cjcporimenis  on  animals,   particuliy-lj  upon  in< 
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coKsidorable  light  has  been  by  these  means  shed  upon  tho  conduction 

impulses  to  and  from  tho  nervous  system  by  the  study  of  tho  results  of 

lion  of  different  parts  of  the  centnd  nervous  system^  and  of  tlie  spinal 

ve-roots.     Thus  wo  liave  not  only  cnibryological  evidence  mapping 

different  tracts,  but  also  confirmatory  pathological  and  experimental 

TYations,     • 

The  tracts  which  have  been  made  out  are  the  following: — 
(a)  Of  descending  degeneration. 

(i.)    llw  erosM'd /jtfnnnkiid  intci     (llg.  300,7). ^This  tract  is  situated 
the  outer  part  of  tho  posterior  cornu  of    gniy  matter.     It  is  found 
nghout  the  whole  length  of  the  spinal  cord;  at  tlie  lower  part  it  ex- 
8  to   tlie   margin  of  the  cord,  but  higher  up  it  becomes  displaced 
this  position  by  the  interpolation  of  another  tract  of  fibres,  to  lie 
ntly  deserilied,   viz.,   the   direct    cerebellar    tract.       Tho  cnisseil 
,midal  tract  is  large^  and  may  touch   the  tip  of  gray  matter  of  tho 
frior  cornu »  bnt  is  separated  from  it  elsewhere.     In  shape  on  cross- 
on  it  is  somewhat  like  a  lens,  but  varies  in  different  regions  of  the 
j,  and  diminishes    in    size    from    tho    cervical    region    <lownward. 
^  tract  is  partieularly  well  marked  out,  botli  by  the  dcgeneratJon  and 
embryological  methods.     The  Ohres  are  supposed  to  pass  off  as  they 
^end^  and  to  join  the  various  local  nervous  mechanisms  of  nerve  cells 
,  their  branchings  which  are  represented  in  the  cord.     The  tract  of 
Bneration  nnty  bo  traced  upward  beyond  the   cord,  in  a  way  to  he 
lently  described.     The  fibres  of  which  this  tract  is  composed   are 
lerately  large^  but  are  mixed  witli  some  that  are  smaller. 
(ii.)    77ie  direci  or  uncromrd  pi/raifiidaJ  trad    {tig.    360,  10). — This 
rt   is  situated  in  the  anterior  column  by  the  sides  of  the  anterior 
ire.     It   is  smaller  than   fi,),   and  is  not  present  in  all  animals, 
agh  conspicuous  in  tlie  human  cord  and  in  that  of   the  monkey.     It 
be  traced  upward  to  tho  cerebral  cortex,  and  downward  iis  far  as 
mid  or  lower  thoracic  region,  where  it  ends. 

(iii.)  Autero-Jaiernl  dcsveiiduHf  tract  (fig.  3G0,9). — An  extensive 
ct,  elongated  but  narrow,  and  reaching  from  the  crossed  to  the  direct 
Rumidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibres  degenerate 
pw  the  lesions. 

(iv.)  Comma  trad  {fig,  360,  3)  is  a  small  tract  of  fibres  which  degen- 
ic  below  section  or  injury  of  the  cord.  Its  pr(^ence  has  been  ilemon- 
^ted  in  the  cervical  and  thoracic  regiouH.  It  is  supposed  to  consist  of 
descending  colhiterals  of  th*f  posterior  nerve-roots  as  tlioy  pass  into 
postero-external  columns^ 
{h)  Of  ascending  degeneration. 

'i,)  Postero-median  cmtmn  and posiero-Ia feral  mhimv  (fig.  360, 1). — 
Id  tracts  degencrato  upward  on  injury  or  on  section  of  the  cord,  as 
AS  on  section  of  tinit  posterior  nervo  roots.  They  exist  throughout 
wholo  of  tlie  conl  from  below  np^  and  can  be  traced  into  tho  bulb. 
^  consist  of  fine  fibres. 
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oonneet  with  groups  of  intrinsic  cellfi  m  the  tnedian  or  post<?TioT  portm 
of  the  gray  mutter  of  the  cord. 

(It)  Tlie  posterior  roots  enter  the  spinal  cord  to  the  ini 
diiiii  aide  of  thi;  posterior  cornii.     The  fibres,  as  soon  as  thuy 
cord,  divide  in  a  fork-liko  fashion,  one  branch  paasiug  down  a  phorr  flfr  j 
tanee  (only  abont  throe  centimetres),  the  other  branch  passing  op  fori 
longer  or  shorter  distunee.     This  nppor  brfinch  soraetimea  re4iche8  nearij 
the  whole  extent  of  tlio  cord,  but  gerjornlly  it  extends  over  onlj  one  or  j 
two  segnienta  of  the  cord.     These  divisions  of  the  posterior  root  filaiij 
give  oiT  in  their  course  nnmerous  colluterala.     The  nerve-tihrcs  of  I 
posterior  roots  are  divided  into  two  sets,  an  internal  or  mediaa,  an  «r  I 
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abiiea  eutc^riug  in  pviAlt* riur  aud  anterior  roota. 


tcrnal  or  lateral.     The  lateral  set  consiats  moatly  of  atiinll  fibn^  tod  j 
eotera  the  cord  opposite  the  tip  of  the  posterior  horn.     The  librea  ] 
in  part  to  the  niiirgiwal  cohinm  of  Lissauer,  where  they  ascend  and< 
ftcend;  in  part  they  penetrate  the  posterior  horn,  and  come  in  rditi 
with  its  cells.     The  median  set  senda  some  fibres  which  pass  to  Clft 
column  of  eells^  otliers  pass  by  way  of  the  posterior  commissure  to  1 
median  cells  of  the  other  side.     Some  others  pass  through  the  roei 
gray  matter  to  the  anterior  horn  cells  of  the  same  side.     Tbns  the  ] 
terior  root-fibres  are  connected  with  all  the  cell  groups  of  the  ] 
liorn^  ot  the  anterior  born  of  the  same  side,  and  tbo  cells  of  the  d(| 
gray  of  the  op|>osite  aide.     Besides  this,  they  are  connected  througB 


iterals  with  tlie  intrinsic  cells  of  the  gray  matter  at  different  levels  of 
le  cord.  One  can  realize  tliat  each  nerve-root  hui?,  in  this  way,  an 
ffective  grip  npon  a  large  extent  of  the  cord.  This  ia  acen  well  by 
idying  liga.  3til  and  M2, 

The  Peculiarities  of  different  repons  of  the  Spinal  Cord.— The  outline  of  the 
rav  niatt*T  aiiil  the  n4alivi"  t»rntMirt)on  of  thu  whito  niatU'T  varii's  in  dilTereut 
^ionsof  the  spinal  c.-ord,  and  it  b,  theref4jre,  possihit*  to  t^'ll  approximately 
pom  wliat  region  nny  given  transversa?  section  of  the  spiutil  cord  liai*  Iw^n 
iken.  The  whit^?  matter  increases  in  arnnnnt  from  Iwj'low  iijnvard.  Tlio 
lount  of  gray  matter  varies;  it  i  a  greatest  in  the  cervical  and  Ininlwir  enlargi>- 
ats.  viz.,  at  and  ahout  the  .'ith  liirnbarand  0th  cervical  nerve,  and  leajfst  ia  the 
lOfaeic  reprion.  The  greatest  development  of  jjfray  matter  corresponds  with 
iwatpst  number  of  nerve- tilires  passing  frtmi  the  cord. 
In  the  i'cn^ical  enhirxfemeni  t\w>  K^Jiy  matter  tx'eupies  a  large  projx^rt ion  of  the 
lion,  the  graj"  commissure  is  Bhort  and  thick,  the  anterior  horn  is  hhmt^  while 
le  past4?rior  is  somewhat  tajiering.  The  anterior  and  posterior  roots  ruD  Home 
stance  through  the  white  matter  before  they  reach  the  (K^ripher>'. 

In  tfu^  dorsal  region  the  ^my  matter  liearaonly  n  small  relation  tu  the  white, 
id  tlie  posterior  roots  in  jiarticular  run  Ji  longeourHe  through  the  white  matter 
sfore  tlie  J  leave  the  cord;  the  gray  e<jmmis8ure  is  thinner  and  narrower  tJian 
the  c^?rvical  re^^ion.  The  tractus  intennedio  lateralis  is  here  nH>st  marked. 
In  the  lumtHir  enhirgement  the  p;rdy  matter  a^ain  bears  a  ver>*  large  pro^wir- 
n  to  the  whole  siz*^  of  tlie  tninsversM?  section,  hut  it«  iKisterior  eornna  are 
M)fter  and  bhinter  than  they  are  in  the  cervical  region.  The  gray  commia- 
tje  is  aliort  and  extremely  narrow. 
At  the  ttpjyer  fxirt  of  the  cohuj^  jneduUaris,  which  is  tlie  portion  of  the  cord 
mediately  U^lrjw  the  lumbar  enlargement^  the  gray  suhstance  occupies 
ly  the  whole  of  the  transverse  tH:'ction,  as  it  is  only  invested  1*3*  a  thin 
rer  of  white  sulwtance.  This  thin  layer  ia  wanting  in  the  neighborhood  of 
}  posterior  nerve-roots.  The  great  commissure  is  extremely  thick. 
Ai  the  let'el  of  the  fifth  Httvnti  rertvbra  the  gray  matter  is  again  in  excess,  and 
5  central  canal  is  enlarged,  apin^aring  T-shaped  in  section  ;  while  in  the 
portion  o/  the  Jilum  tcntdnale  the  gray  matter  is  uniform  in  shajie  without 
y  centnd  canal. 
The  shape  of  the  cord  changes  from  the  sucral  and  him  bar  region 
it  is  circular  to  the  thoracic  whero  it  ia  oval,  and  to  the  cervical 
ere  the  hiteral  diameter  considerably  exceeds  the  an tero- posterior; 
I  change  in  shape  is  duo  to  a  gradmd  increase  of  the  lateral  coluinna. 
The  SlM^rAL  Ooun  akd  KkiivE'IIoot!^  a  Mass  of  Nekve-Units. — 
i  have,  in  the  fort:going,  described  tho  s|dnal  cord  as  being  composed 
white  and  gray  matter,  and  these  subsitanccs,  in  turn,  being  composed 
nerve-tibres  an<l  nerve-cells,  and  a  supiJorting  finbsbince  called  tif'ttrotj- 
From  the  i>!iysiolugist'H  poititof  view,  the  spiniil  cord  is  congblered 
Too  conipotied  of  a  mass  of  nerve-units  or  nenrofis.  These  are  divided 
lo  three  great  elasses:  the  motor  neiiron«,  the  sensory  neurons,  and 
intermediale  nenrons.  The  nwior  neuronfi  make  np  the  hirger  part 
,tlie  nerve-tisgue  in  the  anterior   horns;    their  uenraxona  puss   ont 
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connect  with  groups  of  intrinBic  cells  iu  the  metlinn  or  posterior  ratij 
of  the  gray  njutter  of  the  cord,  ^M 

(/»)  The  posterior  roots  enter  tho  spinal  cord  to  the  inner  orl 
dinn  side  of  the  posterior  coriui.  The  tlbres,  as  soon  as  they  reach  tl 
cord,  divide  in  a  fork-like  fashion,  one  bnmch  passing  down  a  sbortfi 
tanee  (only  nhont  three  centimetres),  tho  other  branch  pasiing  op  for 
longer  or  shorter  disttiiiee.  This  npper  brunch  somotimea  reaches  oei7| 
tho  whole  extent  of  the  cord,  but  genoriilly  it  extends  over  only  ow^ 
two  fiegments  of  tho  cord.  These  divisions  of  the  posterior  root! 
give  oif  in  their  cow  tro  nnmerons  collateral.  Tho  nerve-fibres  of  J 
posterior  roots  are  divided  into  two  sets,  an  internal  or  inediaD,| 
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Fi^,  JiTU— Section  of  the  Bjjirinl  ♦N^rdHliowiiig  tJii'*  jjnuifjiihff  of  nnrve-eella  i 


Uitim]  or  lateral.     Tho  lateral  sot  consists  mostly  of  small  fil 
enters  tho  cord  opposite  tho  tip  of  the  posterior  born.     The  fib 
in  part  to  tho  nuirginal  column  of  Lisaauer,  where  they 

scend ;   in  imrt  they  penetrate  tho  posterior  horn,  and 
with  its  cells.     The  median  set  sends  some  fibrt- 
column  of  cells,  others  pass  by  wav -''  ^^''*  v- 
mo<liau  ctdls  of  tho  other  side.     Sr 
gray  matter  to  tho  anterior  liorti  r' 
terior  root-tlbrea  arc  connected  ui 
horn,  of  tho  anterior  horn  of  tbi' 
gray  of  tho  opposite  side.     Bee' 
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into  tbe  anterior  roots,     Tho  sen&ory  neurofut  have  their  celh  or  atirt- 
iiig-pointd   in   tho   posterior  Bpinal  ganglia,   these  being   large  gung- 
lionic  masees  which  We   upon   tho  posterior  roots.     Thef^e  cells  iiitf 
a  procegg  wljicii   runs  spineward  through  the  posterior  roots  into  th« 
epinal  cord,  and   another  which  runs  penphcrally,   forming  the  icn* 
8ory  nerve.     Tho  infermtdinh  neurons  have  their  cells  of  origin  in  tiN  | 
pofiterior  iiorns  and  median  part  of  tlio  gray  matter,  and,  to  a  slights- 
tent,  in  tho  anterior  horns.     Their  ceils  form  the  intrinsic  celh  of  tlw  | 
spiual  cord,  and  nlso  assist  in  the  conduction  of  sensory  and  oUier  afltr- 
ent  impulses.     For  example,  tlio  neurons,  starting  with  the  celklylnf] 
in  Clarke's  column,  send   their  processes  up  into  tlie  cerebellum,  aoJ 
thus  coutinue  nllercnt  impulses  brought  to  the  neurons  through  the  pos- 
terior roots.     On  the  other  hand,  other  gronps  of  cells  lie  in  thelatoJj 
])rtrt  of  tho  gray  matter  and  give  rise  to  processes  which  pass  out  intn  tkf 
liiteral  cohuunf!  and   then  enter  the  gray  matter  again,  to  connect  witl  [ 
cells  at  difTerent  levels.     These  are  tho  intermediate  neurons  wLii^h  an  { 
oomniiasural  in  their  functions. 

Functions  of  the  Spinal  Nerve-Hoots. 

Tlio  anterior  spinal  nerve-roots  are  efferent  in  function:  the  posteriw 

are  aitorent.  Tho  fact  is  proved  in  varions  ways.  Division  'f  \\\f ' 
anterior  roots  of  one  or  more  nerves  is  followed  by  complete  lo=ii  ol  nif>  i 
tion  in  tho  parts  supplied  by  the  fibres  of  such  roots;  hut  the  fenaiti 
of  the  same  parts  remains  perfect.  Division  of  the  posterior 
destroys  tho  sensibility  of  the  parts  supplied  by  their  fibres^  while t 
power  of  motion  continues  unimpaired.  Moreover,  irritation  of  1 
ends  of  the  distal  portions  of  the  divided  anterior  root^  of  anerveexd 
muscular  movements;  irritation  of  the  ends  of  the  proximal  p<in 
which  are  still  in  connection  with  the  cord,  is  followed  by  no  appredil 
elT^ct  It  must  Im:;  remembered,  however,  that  in  the  anterior  or  elTci 
nerves  otiier  besides  motory  are  contained,  e^g.^  vaso-motor,  seen 
heat  fibres,  and  it  may  l>e  supposed  that  when  the  distal  end  of  adiTilj 
nerve  is  stimulated,  the  elTects  would  be  exercised  not  only  upon 
cles,  but  upon  glands,  blood-vessels,  etc.  Irritation  of  the  distal  porl 
of  the  divided  posterior  roots,  on  the  other  hand,  produces  no  mu 
movements  and  no  manifestations  of  pain;  for,  as  already  stat-wi, I 
sory  nerves  convey  impressiotis  only  toward  the  nervous  centres: 
irritation  of  the  proximal  portions  of  these  roots  elicits  signs  of  intt 
Bu fieri ng.  Occasionally,  nnder  this  hist  irritation,  muscular  moven 
also  ensue;  but  these  are  either  voluntary,  or  the  result  of  the  irriti 
being  reflected  from  tho  sensory  to  the  motor  fibres.  OccasicmAllyt ' 
irritation  of  the  distal  endsof  divided  anteriorroots  elicits  signs  of  | 
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tell  f^  producing  miiaciilar  movements;  the  pain  thus  excited  iaprob- 
j^  the  result  either  of  cramp  or  of  so-callod  recurrent  seiiaildlity. 
Jte^urrmf  SnisihiJiiff.^lf  the  anterior  root  of  a  Hpinul  nerve  be 
ided,  and  the  peripheral  end  he  irritated,  not  only  movements  of  the 
Bcles  supplied  by  the  nerve  take  place,  but  alsouf  otlier  muscles,  indie- 
re  of  pain*  If  the  main  trntik  of  the  nerve  (after  tlie  coalesoenee  of 
\  roots  beyond  the  ganglion)  be  divided,  and  the  anterior  root  \ye 
itat^^d  as  before,  the  general  signs  of  puin  still  remain,  although  the 
Itraction  of  the  muscles  does  not  occur.  The  signs  of  pain  disappear 
m  the  posterior  root  is  divided.  From  these  experiments  it  is  be- 
?ed  that  the  stimnlua  passes  down  the  anterior  root  to  the  mixed 
rve,  and  returns  to  the  central  nervous  system  through  the  posterior 
It  by  means  of  certain  sensory  Uhrea  from  the  posterior  root,  which 
p  hack  into  the  anterior  root  before  continuing  their  course  into  the 
led  nerve-trunk.  These  libres  degenerate  when  the  posterior  nervo- 
tt  is  divided  beyond  the  ganglion. 

^I^unrtiofts  of  the  frtntf/iia  oft  Posterior  7? w As.— The  cells  of  t!ie  pos- 

por  ganglia  act  as  centres  for  the  nutrition  of  the  nerve-Obres  given  idT 

im  them>     When  these  are  cut,  the  parta  of  the  nerves  so  severed  de- 

perato,  while  the  parts  which  remain  in  connection  with  the  colls  do 

Thus  on  section  of  the  posterior  ]xt!rve-root  beyond  the  gangHon 

peripheral  part  wastes  and  the  central  does  not,  and  on  section  of 

root  lietween  the  ganglion  and  the  cord  the  central  part  to  a  groat 

int  wastes  and  the  peripheral  remains  niiallected. 


I 


FUNCTIOKS  OF  THE    SPINAL   CORD. 


The  power  of  the  spinal  cord,  as  a  nerve-centre,  may  he  arranged 

er  the  heads  of  (I)  Conductiou;  ('2)   Kellex  action. 
(1)   CtjndudiojL — The  functions  of  the  spiinil  cord  in  relation   to 
iiluctiun  may  be  best  remembered  by  considering  its  anatomical  con- 
liODa  with  other  parts  of  the  hndy*      From   these   it   is  eviilcnt  that 
ie  ii  no  way  by  which  nerve- impulses  can  be  convoyed  from  the  trunk 

extremities  to  the  brain,  or  rire  vtrm^  other  than  that  formed  by 
spinal  cord.  Through  it,  the  inipresHions  made  upon  the  peripheral 
em i ties  or  other  parts  of  the  spinal  sensory  nerves  are  conducted  to 

brain^  where  alone  they  can  bo  perceimd.  Through  it,  also,  the 
mlns  of  the  will,  conducted  from  the  brain,  is  capable  of  exciting  the 
>n  of  the  muscles  supplietl  from  it  with  motor  nerves.  And  for  all 
B  conductions  of  imprcRsions  to  and  fro  between  the  brain  and  the 
ft]    nerves,  the  perfect  state  of  the  conl   is  necessary;  for  when  any 

of  it  is  destroyed,  and  its  communication  with  the  brain  is  inter- 
ed,  inipressioua  on  the  sensory  nerves  given  off  from  it  below  the 
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seat  of  injury,  cease  to  bo  propagattid  to  tbo  brain,  and  the  brain  Inwj 
the  power  of  voluntarily  exciting  the  motor  tierves  proceeding  from  im 
portion  of  cord  isolated  from  it.  Illufltraiioiis  of  this  aro  fnniifhrf] 
variona  examples  of  paraljais,  but  by  none  better  than  by  the  coa 
paraplegia,  or  loaa  of  sensation  and  voluntary  motion  in  the  lower  | 
the  body,  in  couseqiicnce  of  destrnctivo  disease  or  injury  of  a  poH 
including  tho  whole  thickness,  of  the  spinal  cord.  Such  lemons  dcEtwf  j 
the  commnuication  between  tho  brain  and  all  parts  of  tho  epinfll  «ri  j 
below  the  seafc  of  injury,  and  consequently  cut  off  from  tbeir  eonneetioi| 
with  the  brain  the  various  organs  supplied  with  nerves  issaing  fnoj 
those  parts  of  tho  cord. 

It  is  not  prohahlo  that  tho  conduction  of  motor  or  sensory  impalsalj 
effected  under  ordinary  circumstances  (to  any  great  extent),  aa  wuf 
merly  supposed,  through   the  gray  substance,  t.t\,  through  tne 
corpuscles  and  li  laments  connecting  them,     All  parts  of  the  ourd  ire  I 
alike  ahlo  to  conduct  all  impressions;  and  as  tbero  are  sepurata  i 
fibres  for  motor  and  for  sensor}^  imprcBsions,  so  in  the  cord,  sfjiarateJ 
deterniiuato  tracts  servo  to  conduct  always  the  same  kind  of  imps 
aion.     The  seusations  of  touch,  temperature,  and  pain,  howevertdtH 
appear  to  have  such  sharply  limited  tracts  as  the  motor  impulses. 

Experimental  iiiid  other  obsorvatioua  point  to  the  following  cood 
Bious  regarding  tho  contluction  of  sensory  and  motor  impressions  thn 
tho  spinal  cord.     Many  of  these  conclusions  must,  however,  be  \ 
with  considerable  reserve, 

a.   Sensory   Impressions, — By  sensory  impressions  are  here  i 
the  sensations  of  tourh  and  pain,  of  heat  and  cold,  and  of  nmsculari 
These  impressions  aro  conveyed  to  the  spinal  cord  by  tho  posteriorri 
roots.     Part  of  them  are  then  carried  directly  into  tho  pc»stero*] 
column  on  the  same  side,  and  thonco  np  to  the  nucleus  of  this 
in  the  modulhu     It  is  mainly  tho  impulses  of  muscle  sense  that  Ml 
carried.     Other  sensations  are  carried  by  the  posterior  root-fibres  ttl 
cells  of  th©,cohuu!i  of  C'larke.   .  From  there  the  impulses  are  convejfldj 
tho  direct  cereljelhn*  tract  on  the  siiuie  side,  and  thence  np  to  the < 
belluui.     These  are  nuiiuiy  sensations  that  subserve  the  sense  of  < 
brium,  and  are  closely  connected  in  function  with   those  whicli  p««l 
the  column  of  Coll  to  its  nucleus.     The  impressions  of  touch  and 
and  of  heat  and  cold,  are  conveyed  to  tlie  nerve-cells  in  the  p« 
corn  ua  of  tho  same  side  in  part,   and  in  part  to  the  nerve-cells  in  I 
posterior  coruua  and  median  gray  of  the  opposite  side*     From  this] 
the  tmpulso  is  tnkon  up  again   by   intermediary  neurons  and  ccmv 
through  the  anterior  and  lateral  columns  of  tlio  cord,  in  the  i 
tract  of  ( lowers  and  Tooth,  to  tho  brain.     By  reason  of  the  great  i 
of  collaterals  and   tho  interpolation  in  the  course  of  the  sensory  in 
of  many   intermedi;iry   neurons,  no  very  sharply  defined   tract  hi 
been  satisfactorily  made  out  in  the  ejiinal  cord   for  the  conductifli 
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I  ficnaations  of  tera  pern  tore,  paiii>  and  touch.  If  one  set  of  fibres  is 
•oycd  by  disease,  olbers  seem  abk-,  through  the  eollattTLils,  tu  tuke 
ts  fiiuctiou,  AVe  can  onlj  sav  tlmt  most  of  theso  Beiisory  iiiipressiuns 
up  in  tlie  lateral  and  anterior  coltrmns.  It  is  probable,  also,  that 
and  temperature  sensations  cross  over  at  once,  to  a  considerable  ex- 
^  atid  {ui^s  up  in  the  opposite  side  of  the  cord  to  which  they  enter. 
2h  and  pressure  sensations,  as  well  as  muscle-sense  impreBaions,  and 
itions  of  efpiilibriuni,  pass  up  largely  upon  the  same  side  until  they 
b  the  medulla  or  cerebellum. 

The  direct  cerebellar  tract  is  believed  to  commence  in  the  cells  of  the 
Brior  vesicular  column  of  Clarke  of  the  same  side;  it  goes  chiefly  to 
cerebellum,  through  tiie  restiform  body,  but  is  said  also  to  contain 
B  which  pass  up  aa  far  m  the  corpora  r|aadrigeniina  and  then  turn 
:ward  and  lying  near  the  brnchium  [)ass  to  the  < cerebellum.  The 
g  uf  the  antero-lateral  ascending  tract  are  believed  to  arise  from 
^ray  matter  of  the  posterior  curuu.  In  the  case  of  the  asceudirig 
tg,  with  the  exception  of  the  posterior  columns,  the  connection  with 
[losterior  nerve- roots  is  not  direct. 

K  Motor  Impressions. ^ — Motor  impressions  are  convey«^*d  down- 
I  from  the  Vu*aiu  along  (hv  puritmiilitl  tnwiit,  viz,,  the  lUrvft  or  ttfi- 
r,  and  the  crosstd  or  hdcntlf  chieily  in  the  latter.  iienerally 
king,  the  impressions  pass  flown  on  Iho  aide  opposite  to  which  they 
inate,  haviug  undergone  decussiition  in  tijc  medulla;  but  tsome  im- 
tioDS  do  not  cross  in  the  medulla,  but  lower  down,  iu  the  cord,  being 
eyed  by  the  anterior  or  uncrosiied  pyramid  id  fibres,  and  decussate  in 
anterior  connnissure.  The  motor-libres  for  the  legs  ptirlt'itllt/  ]mss 
iward  in  the  lateral  columns  of  the  same  side*  This  is  also  probably 
laae  with  the  bilateral  nmscles,  i'.p,  ,  muscles  of  the  two  sides  acting 
Jior,  such  iis  the  intercostal  nuiscles  and  other  muscles  of  the  trunks 
»]1  as  the  costo-hnmcral  muscks, 

I  is  quite  certain,  as  was  just  now  pointed  out,  that  the  tibrea  of  the 
lor  nerve- roots  are  more  numerous  than  t]n3  iibres  proceeding  down- 
from  the  brain  in  the  pyramidal  tracts,  or  the  so-called  jjyramidal 
l.  This  is  because  each  pyramidal  fibre  is  reaily  a  very  long  nerve 
les  or  near  axon,  and  is  supplied   in  its  course  with  a  large  number 

Kierals,  whicli  go  oil  at  dilTerent  points,  and  thus  put  it  in  relation 
Cerent  groups  of  nerve-cells  in  the  anterior  cornua  at  various 
L  Kach  nerve-fibre  of  the  pyrajnidal  tract,  by  means  of  its  col- 
lb,  can  control  a  number  of  nerve-cells,  and  can  thus  co-ordinate 
Diiou  of  impulses  sent  out  through  the  anterior  roots  to  a  number 
oupB  of  muscles.  In  other  words,  the  gray  matter  of  tlie  anterior 
ta  contiiina  an  apparatus  with  various  complicated  co-ordituiting 
pa,  which  apparatus  is  under  the  control  of  the  neurons  whose 
>f  origin  are  in  the  cortex  of  the  brain.  This  apparatus  is  also  re- 
^flneuced  by  sensory  impressions  passing  to  the  cord. 
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DiTision  of  the  anterior  pjmnids  of  the  medvlk  aft  the  jinitki 
decussation  is  followed  by  prndyBis  of  motion,  noTer  qaite  afasobitB^  i 
all  ports  below.     Disease  or  division  of  any  part  of  the  ( 
axis  above  the  seat  of  decnssation  is  followed  by  impaired  or  lost] 
of  motion  on  the  opposite  side  of  the  body;  while  a  like  injniy  i 
below  this  part  induces  similar,  never  qnite  absolute  no  doubt,  oai 
corresponding  side. 

When  one  half  of  the  spinal  cord  is  cut  through  in  monkeyi^  I 
following  results  follow  (Mott) : — ^Motor  paralysis  of  the  muadei  ( 
same  side  (never  complete  of  musdes  used  in  bilateral  aaaociated  i 
followed  by  gradual  recovery  of  muscular  movement,  except  of  i 
movements  of  the  hand  and  foot;  wasting  and  flabbineBs  of  the  i 
sensory  paralysis  of  the  same  side  (temperature,  touch,  pain  and  ] 
sure);  temporary  vaso-motor  paralysis  on  came  side.    The  tempsntu^ 
the  affected  side  was  depressed  1  to  8^  (F.). 

liefiex  Action. — ^In  man  the  spinal  cord  is  so  much  under  the  < 
of  the  higher  nerve-centres,  that  its  own  individual  functions  ii 
tion  to  reflex  action  are  apt  to  be  overlooked;  so  that  the  nBottj 
injury,  by  which  the  cord  is  cut  off  completely  from  the  inflnenos  of  I 
encephalou,  is  apt  to  lessen  rather  than  increase  our  estimate  of  I 
importunce  and    individual   endowments.      Thus,  when    the  hn 
spinal  cord  is  divided,  the  lower  extremities  fall  into  any  position  I 
tlicir  weight  and  the  resistauce  of  surrounding  objects  combine  to  | 
them ;  uiul  if  the  body  is  irritated,  they  do  not  move  toward  the  i 
tioii;  and  if  they  are  touched,  the  consequent  reflex   movementii 
disorderly  and  purposeless;  all  power  of  voluntary  movement  isabsohti 
abolished.     In  other  mammals,  however,  0.^.,  in  the  rabbit  or  dog,i 
recovery  from  the  shock  of  the  operation,  which  takes  some  time,  i 
action  will  occur  in  the  parts  below  after  the  spinal  cord  has  been  dirid 
a  very  feeble   irritation  being  followed   by  extensive  and  co-ordin 
movements.     In  the  case  of  the  frog,  and  many  other  cold-blo 
animals,  in  which  experimental  and  other  injuries  of  the  nerve-ti 
are  l)etter  borne,  and  in  which  the  lower  nerve-centres  are  less 
dinate  in  their  action  to  the  higher,  the  reflex  functions  of  the  cord  I 
still  more  clearly  shown.     When,  for  example,  a  frog's  head  is  cot  ( 
its  limbs  remain  in,  or  assume  a  natural  position;  they  resume  it  wh 
disturbed;  and  when  the  abdomen  or  back  is  irritated,   the  feeti 
moved  witli  the  manifest  purpose  of  pushing  away  the  irritation, 
main  diilercnce  in  the  cold-blooded  animals  being  that  the  reflex  1 
ments  are  more  delinite,  complicated,  and  effective,  although  leas  1 
getic  than  in  the  case  of  mammals.     It  might  indeed  be  thoi 
superflcial  examination,  that  the  mind  of  the  animal  was  eng 
the  acts;  and  yet  all  analogy  would  lead  us  to  the  belief  that  tbef 
<X)rd  of  the  frog  has  no  different  endowment,  in  kind,  from  those  1 
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ng  to  the  cord  of  tha  higher  vertebrata:  th©  difference  is  only  iu 
ee.  And  if  this  be  gnintud,  it  may  be  assumed  that^  in  man  and 
higher  animals,  many  actions  are  performed  as  reflex  movements 
urring  through  and  by  means  of  the  spinal  e^ird,  although  the  latter 
lOt  by  itself  initiate  or  even  direct  them  independently. 
Ctiianeous  and  Munde  Rvjkxes, — ^In  the  human  subject  two  kinds  of 
iex  actions  dependent  upon  tlie  spinal  cord  are  usually  diBtinguished, 
alterations  of  which,  either  in  the  direction  of  iDcrease  or  of  diminu- 
are  indicationii  of  some  abnormality,  aiul  are  used  as  a  means  of 
osis  in  nervous  and  otlier  disorders.  They  are  termed  res|ieetively 
)cMimieou8  rejlvxt'^j  and  (//.)  mnsck  reflexes,  (a.)  Cutaneous  reflexes 
flat  up  by  a  gentle  stimulus  applied  to  the  skin.  The  subjacent 
or  muscles  contract  in  response.  Although  these  cutaneous 
I  actions  may  he  demonstrated  almost  anywhere,  yet  certain  of  such 
ons  as  being  most  characteristic  are  distinguished,  c.ff.^  plantar 
ix;  glutear  reflex,  ht\,  a  contraction  of  the  gluteus  ruaximus  when 
akin  over  it  is  stinnilated;  cremtister  reflex,  retraction  of  the 
tide  when  the  skin  of  the  inside  of  the  thigh  is  stitiiulated,  and  the 
The  ocular  reflexes,  too,  are  important.  They  are  contraction 
the  irison  exposure  to  light,  and  its  dilatation  on  stimulating  the  skin 
lie  cervical  region.  All  of  tliese  cutaneous  reflexes  are  true  reflex 
ons.  Thtiy  differ  in  dillL^rent  individuals,  and  are  more  easily  elicited 
the  young.  Muscle  reflexes,  or  as  they  are  often  termed,  tendon 
loee,  consist  of  a  contraction  of  a  muscle  under  conditions  of  more  or 
tension,  when  its  tundon  is  sharply  tapped.  The  so-called  patellar- 
flon-reflex  is  the  most  well-known  of  this  variety  of  reflexes.  If  one 
be  slightly  flexed,  as  by  crossing  it  over  the  other,  so  that  the 
driceps  femoris  is  extended  to  a  modei-ate  degree,  and  the  patella 
Ion  be  titpped  witli  the  tiugers  or  the  earpiece  of  a  stethoscope,  the 
icle  contracts  and  the  foot  is  jerked  forward. 

^Another  variety  of  the  same  phenomenon  is  seen  if  the  foot  is  flexed  so 
stretch  the  calf  muscles  and  the  tendo  Achillis  is  tapped;  the 
ifi  extended  by  the  contraction  of  tbe  stretched  muscles.  It  appears, 
iver,  that  the  tendon  reflexes  are  not  exactly  what  their  name  im- 
The  interval  between  the  tap  and  the  contraction  is  said  to  be 
short  for  the  production  of  a  true  reflex  action.  It  is  suggested 
the  contraction  is  caused  by  local  stiTuulation  of  the  muscle,  but 
tUi«  wouhl  not  occur  unless  the  muscle  hud  been  reflexly  stinudated 
iously  by  the  tension  applied,  and  placed  in  a  condition  of  excessive 
ability.  It  is  furtlier  probable  that  the  condition  on  which  it 
mds  IB  a  reflex  spinal  irritability  of  the  nmscle  or  (exaggerated) 
ular  tone,  which  is  admitted  to  be  a  rctlex  phenomenon — or  an  ex- 
ol  automatism— in  the  spinal  cord. 
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Inhibition  of  Refiex  Actions. — Movements  such  as  are  prodnoedl)} 
irritating  the  skin  of  the  lower  extremities  in  the  human  subject,  ittcr 
division  or  disorganization  of  a  part  of  the  spinal  cord,  douotfoDiw 
the  same  irritation  when  the  cerebrum  is  active  and  the  ( 
between  the  cord  and  the  brain  is  intact.  This  is,  probably,  dne  ti 
the  fact  that  the  mind  ordinarily  perceives  the  irritation  and  instuif^ 
inhibits  or  controls  the  action;  for,  even  when  the  cord  is  perfect,  flick 
involuntary  movements  may  follow  an  irritation,  applied  when  the 
brum  is  inactive.  When,  for  example,  one  is  anxiously  thinking, 
slight  stimuli  may  produce  involuntary  and  reflex  movements.  So,aK 
during  sleep,  such  reflex  movcmionts  may  be  observed,  when  the  ddn  ■ 
touched  or  tickled ;  for  example,  when  one  touches  with  the  finger  th 
palm  of  the  hand  of  a  sleeping  child,  the  finger  is  grasped— the  m^ 
prcssion  on  the  skin  of  the  palm  producing  a  reflex  movement  of 
muscles  which  close  the  hand.  But  when  the  child  is  awake,  no  flick 
effect  is  produced. 

Further,  many  reflex  actions  are  cajiable  of  being  more  or  leas  ooh, 
troliod  or  oven  altogether  prevented  by  the  will :  thus  an  inhibitory 
may  l)o  exercised  by  the  cerebnim  over  reflex  functions  of  the  oori 
and  the  other  nerve-centres.  The  following  may  be  quoted  as 
examples  of  this  nctiou : — 

To  prevent  the  rellex  action  of  crying  out  when  in  pain,  it  is  oft* 
8uni(Mei)t  liriiily  to  clench  the  teeth  or  to  gras])  some  object  and  hoMii 
tiglit.  When  the  feet  are  tickled  we  can,  by  an  effort  of  will,  prevent 
the  rellex  action  of  jerking  tlieni  up.  So,  too,  the  involuntary  clodng 
of  tlie  eyes  and  starting,  when  a  blow  is  aimed  at  the  head,  can  1» 
siniihirly  restrained. 

Darwin  lias  mentioned  an  interesting  exanij)le  of  the  way  in  whiii 
on  t]\e  other  hand,  sueli  an  instinctive  reflex  act  may  override  tin 
strongest  effort  of  the  will.  He  placed  his  face  close  against  the  ^ 
of  the  cobra's  cage  in  the  Reptile  House  at  the  Zoological  Gardens, 
though,  of  c()ursi>,  thoroughly  convinced  of  his  perfect  security, 
not  by  any  effort  of  the  will  prevent  himself  from  starting  back 
the  snake  struck  with  fury  at  the  glass. 

It  hius  been  found  by  experiment  that  in  a  frog  the  optic  I6b(9 
optic  f/iftlami  \ui\G  VLdisimci  action  in  inhibiting  or  delaying  reflex 
tion,  and  also  that  more  generally  any  afferent  stimulus,  if  Buffici 
strong,  may  inhibit  or  modify  any  reflex  action  even  in  the  absence 
these  centres. 

On  the  whole,  therefore,  it  may,  from  these  and  like  facts,  be 
eluded  that  reflex  acts,  j)erformed  under  the  influence  of  the  refl< 
power  of  the  spinal  cord,  are  essentially  independent  of  the  brain  and 
be  performed  perfectly  when  the  brain  is  separated  from  the  cord: 
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include  a  much  larger  number  of  the  natural  and  purposiYe  move- 
intfl  of  the  lower  animals  than  of  the  warm-blooded  animals  including 
:  und  that  over  nearly  all  of  them  the  mind  may  exercise »  through 
higher  nerve-centres,  some  control;  ddermuiim/y  dinditif/,  himler- 
\  or  ffwdifying  them,  either  by  direct  action,  or  by  its  power  over 
iated  muscles. 

LTo  these  instances  of  spinal  reflex  action,  some  add  yet  many  more, 
^  Inding  nearly  all  the  acts  which  seem  to  be  performed  unconsciously, 
(ch  as  those  of  walking,  running,  writing,  und  the  like:  for  these  are 

fUy  involuntary  acts.  It  is  trui^  that  at  their  llrst  performances  they 
voluntary,  that  they  require  education  for  their  perfection,  and  are 
all  times  so  constantly  performed  in  obedience  to  a  mandate  of  the 
that  it  is  difficult  to  believe  in  their  essentially  involuntary  nature. 
it  the  will  really  has  only  a  mnirolUmj  power  ovc?  their  performance ; 
tean  hasten  or  stay  them,  but  it  haa  little  or  nothing  to  do  with  the 
a!  carrying  out  of  the  effect.  And  this  ia  proved  by  the  circum- 
ce  that  these  acts  can  be  performed  during  complete  mental  abatrac- 
aud,  more  than  this,  that  the  endeavor  to  carry  them  out  entirely 
Uie  exercise  of  the  will  is  not  only  not  beueticial,  but  positively  in- 
'eree  with  their  harmonious  and  perfect  performance*  Any  one  may 
Lvinoe  himself  of  this  fact  by  trying  to  take  each  step  as  a  voluntary 
I  in  walking  dowuBtaira,  or  to  form  each  letter  or  word  in  writing  by 

inct  exercise  of  the  will. 
These  actions,  however,  will  be  again  referred  to* 
Mifrbid  rejlex  aciions. — The  relation  of  the  rellex  action  to  the  strength 
e  stimulus  is  the  same  as  was  shown  generally  to  occur  in  nerve- 
fttres^  a  slight  stimulus  producing  a  slight  movement,  and  a  greater, 
P'eater  movement,   and  so  on;    but   in   instances  in  whicli  we  must 
me  that  the  cord  is  morbidhf  more  irritable^  *,e.,  apt  to  issue  more 
oils  force  than  is  proportionate  to  the  stimulus  applied  to  it,  a  slight 
ression  on  a  sensory  nerve  produces  extensive  reflex    movements. 
appears  to  he   the  condition  in  the  disease  called   tetanus,   in 
ch   a  slight  touch  on   the  skin   may  throw  the  whole   body  into 
kTulsioDS. 

\  Special  Centres.— It  may  sceni  to  have  been  implied  that  the  spinal 
d  as  a  single  nerve-centre,  reflects  alike  from  all  parts  all  the  impres- 
ts conducted  to  it.     This,  however,  is  not  tlie  case,  and  it  BhonUl  be 
toded  as  we  have  indicated,  as  a  collection  of  nervous  centres  united 
^  continuous  column.     This  is  well  illustrated  by  the  fact  that  seg- 
eit8  of   the  cord  may  act  as  distinct  nerve-centres,  in  which  special 
Irdiiiated  muscular  actions  are  represented,  and  excite  muscular  action 
ne  parts  supplied  with  nerves  given  off  from  them;  as  well  as  by  th& 
JMgj  of   certain  cases  iu  which  the  muscular  movemencs  of  single 
■fa  88 
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orgnng  are  under  the  control  of  certain  cireiimseril>e<i  pcirtion^  uf  ti* 
cord.     Tlio  8iKH;iul  centres  are  the  following  (on  eiieh  fiide):— 

{ft.)  The  Ihfwmtwn^  </r  Ano-Spuuti  cettire. — TJie  mode  of  action  ol 
the  ano-spiiml  ecntro  appears  to  be  this.  The  mucous  membrane  of  li» 
rectum  is  stinitilaLed  by  the  jiresence  of  fajcea  or  of  gi48  in  tbe  IwiA 
Tlie  stimuhis  pjitkiL^s  oji  by  the  afferent  iicrvea  of  the  ha?morrhuidil  aid 
inferior  metfenteric  plexuses  to  the  centre  in  the  cord,  sitimtetl  m  thf 
lurabar  enlargement,  and  is  reflected  through  the  pudendal  plemio 
the  anal  sphincter  on  the  one  hand,  and  on  the  other  to  tb©  muscdtf 
tiseue  in  the  wall  of  the  lower  howeL  In  this  way  is  produced  a  rpld' 
tion  of  the  first  ami  a  contraction  of  the  second,  and  expulsioii  of  tk 
contents  of  the  IkiwcI  follows.  The  centre  in  the  spinal  cord  Upir- 
tially  under  the  control  of  the  will,  so  that  its  luatiou  muj  he  eil 
inhibited  or  augment etL  Tlie  action  may  1k!  helped  by  the  abtioi 
mu8clea  wliicli  are  under  the  control  of  the  will,  although  under  a 
Btinuiliis  they  may  also  he  conipelleil  to  contract  by  retlex  action 

(^0    77w  Jfiefurition^  or  the  Veiiico-S/HH4t!  ventre, — Tbe  vesiiu 
centre  acta  in  a  very  similar  way  to  that  of  the  ano-spinal.     TheLCO! 
is  also  in  the  lurabar  enlargement  of  tbe  cord.     It  may  be  stimulsted 
»R*tion  by  impuLsL»8  descending  from  tbe  lirain,  or  reflexly  by  the 
ence  of  urine  in  the  bhulder.     The  action  of  tbe  brain  may  bcTolai 
or  it  may  be  excited  to  action  by  tlie  eensntion  of  distention  of  the 
by  the  urine.     Tlie  siMisory  fibres  concenied  are  the  posterior  roots  of 
lower  sacral  nervea.     The  action  of  tbe  centre  thus  stimulated  isdottl 
or  it  may  hje  supposed  that  the  centre  coneiiits  of  two  parts,  one  whici 
usually  in  action  and  maintains  the  tone  of  the  sphincter,  and  the 
which  causes  contraction  of  the  bladder  and  otlier  muscU«.     When 
ation  of  the   bladder  is   to  occur,  impulses  are  sent  to  one  parte! 
centre  on  the  one  bund,  and  from  it  to  the  bladder  and  to  eertaiii 
muscles  which  cause  their  contraction^  and  on  the  other  to  the 
part  of  the  centre,  inhibiting  its  action  on   the  sphincter  urethm? 
procures  its  relaxation.     The  way  having  been  opened  by  the  relaxation 
the  sphincter,  the  urine  ie  expelled  by  the  combined  action  of  the 
der  and  accessory  muscles.     The  cerebrum  may  act  not  only  in  tlm  waj 
etimulating  the  centre  to  action,  but  also  in  the  way  of  inhibitin| 
action.     The  abdominal  muscles  may  l>e  called  into  action  as  in 
cation. 

(c^)  Tfit  Emmhn  of  Senien^  or  OenUo-Spinai  mnirm^ — The 
situated  in  the  him  bar  enlargement  of  the  spinal  cord  is  etiniuUted 
action  by  sensory  impresijions  from  the  glans  penis.  Mffereut  im 
from  the  centre  excite  the  successive  and  co-ordinate  contractions  oJ 
muscular  fibres  of  the  vasa  deferentia  and  vesicul®  Bemiiiales,  and  of 
accelerator  urimBand  other  muscles  of  the  urethra;  and  a  forcible 


THE   KEUVOUS   SYSTEM, 


51*5 


.  of  eenicn  takes  place,  ovur  which  tlie  inind  has  little  or  no  control, 


fbieh,  in 
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bo  unfelt 


*  01  purajii 

[fi,)  The  Erection  of  the  Pi'ttis  rVv/7r^,— Tliis  centre  is  til;?o  situated 
be  luiubijr  regiuu.  It  is  twcited  to  action  hy  tlie  sensory  nerves  of 
penis,  and  also  by  ini pulses  passing  down  froia  tlie  cerGbriun. 
rent  impidseH  prudiice  dihitiition  of  the  vessc^Is  of  the  ponig,  which 
^appears  to  bo  in  part  tlio  rcanltof  a  rellcx  cou traction  of  tlie  nniscles 
Vhich  the  veins  returning  the  blood  from  the  penis  are  compressed, 
(f. )  Parfuritkrti  ceuire. — Tbo  centre  for  the  cxpalHion  of  tlie  con- 
»  of  the  utenia  in  parturition  is  situated  in  the  hinibar  spinal  cord 
ier  higher  np  than  the  other  centres  already  enumerated.  The 
tlulation  of  the  interior  of  the  uterus  by  its  contents  may,  under 
iain  conditions,  excite  the  centre  to  send  out  irupukcs  which  produce 
lotraction  of  the  uterine  walls  and  expulsion  of  the  contents  of  the 
ity.  The  centre  is  in^lepcndent  of  tlie  will  since  delivery  can  take 
Pe  in  i)araplegic  women,  and  also  while  a  patient  is  under  the  intlu- 
D  of  chloroform.  Again,  as  iu  the  cases  of  deftecation  and  mictnri* 
ii  the  aliilomiiuii  jnnscles  assist;  their  action  being  for  the  most 
;  reflex  and  involuntary. 

(/I)  Tfie  Ventre  for  the  Movvmmts  of  th^  Lymphatic  Ilenrts  of  Frogs.— 
femann  has  shown  that  the  rhythmical  movements  of  the  anterior  pair 
ymphatic  hearts  in  the  frog  depend  nptm  nervous  inllucncc  derived 
I  the  portion  of  spinal  cord  corresponding  to  the  third  vertebra,  and 
0  of  the  posterior  pair  on  influence  sujiplied  by  the  porticuj  of  cord 
l^ite  the  eighth  vertebra.  The  nuivenionts  of  the  heart  continue, 
Igh  the  whole  of  the  cord,  except  the  alx>ve  i)ortions,  be  destroyed ;  but 
le  instunt  of  destroying  either  of  these  portions,  though  all  the  rest  of 
Dord  be  untouched,  the  movements  of  the  corresponding  hearts  cease. 
g.)  yihe  Centre  far  the  Tom  of  Mu.^cies, —The  influence  of  the  spinal 

on  the  sphincter  ani  and  sphincter  urethra?  hat*  been  already  men- 
&d  (see  above).  It  maintains  these  muscles  in  permanent  contrac- 
,  The  condition  of  tliese  sjdiincters,  however,  is  not  altogether 
)tioDa].  It  is  the  s;ime  in  kind,  though  it  exceeds  in  degree  that 
itiou  of  ninacles  whieli  hm  been  called  toncy  or  passive  contraction; 
le  in  which  they  always,  when  not  active,  appear  to  be  during  health, 
n  which,  though  called  inactive,  they  are  in  slight  contraction,  and 
inly  arc  nut  relaxed,  as  they  are  soon  after  <]eath,  or  when  thcsjiinal 

iB  destroyed.     This  tone  of  all  the  muscles  of  the  trunk  and  limbs 

Uds  oo  the  spinal   cord,  juat  as   the  contraction    of  the  sphincters 

If  un   animal  be  killed  hy   injury  rtr  removal  of  the   brain,  the 

lee  retain  their  tone;  but  if  the  spinal   cord    l)e  destroyed,   the 

T  ani  rehixes,  and  all   the  muscles  feel  loose,  flabby,  and  atonic, 

g  so  till  ri(/Qr  murlifi  commences. 
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This  kind  of  tone  must  lie  dtsiinguished  from  that  mert;! 
tension  which  it  is  customary  to  uiicribo,  under  the  name  of 
fdl  tissues  that  tovl  robust  uud  not  flabby,  im  well  as  to  muscles 
tone  peculiar  to  tnusL-lea  has  in  it  a  degree  of  vital  contraction:  tbaifl 
other  tissues  is  only  due  to  their  being  well  nourished,  and  tlierefofto 
pact  and  tense. 

All  tlie  foregoing  examples  Ulustrate  the  faict  that  the  spinal  cord  id 
a  collection  of  reflex  centres,  upon  which  the  higher  centres  act  by  i 
ing  down  impulses  to  set  in  motion,  modify  or  control  tbem. 
movements  or  other  phenomena  of  retlex  action  are,  as  it  were,  thof 
tiou  of  the  ganglion  cells  tu  which  an  afferent  impression  is  convejrfl 
the  posterior  nerve-trunks  in  connection  with  them.  The  extent  of  I 
moveujcnt  dejiends  upou  the  strength  of  the  stimulus,  the  pogitiofli 
which  it  is  applied  as  well  as  the  condition  of  the  nerve-cells;  the 
necttuu  between  the  cells  l>eing  bo  intimate  that  a  series  of  co>ord 
movements  may  result  from  a  single  stimulation.  Whether  the( 
pcMBsesB  m  well  the  power  of  originating  impulses  (automatism)  isdfl 
ful,  but  this  is  possible  in  the  case  of  (/*)  vaso-motar  cenirrs  which  i 
situatetl  in  the  cord  Q>.  34t>),  autl  of  {/}  mfmiimj  cenirfs  which  mnsll 
ckisely  related  to  them,  and  i*ossibly  in  the  case  of  (/)  the  ceotni  i 
niaiiihiiniug  the  torn  of  fnuitek'B, 

The  Aulrition  (/i)  of  t!io  muscles  appears  to  be  nnder  the  control^ 
the  spinal  cord.  When  the  nerve-cells  of  the  aiuterior  cornu  are  dia 
the  muscles  atrophy.  In  the  same  way  (^)  the  bones  and  (c)  join 
seriously  alTecteil  when  the  conl  is  diseased.  The  former  whe 
anterior  nerve-cells  are  implicated,  do  not  grow,  and  the  latter  areii 
organized  in  some  cases  when  the  posterior  columns  are  afflicted. 
The  skin,  too,  is  evidently  only  maintained  iji  a  healthy  cooditioi 
long  iis  the  cord  and  its  nerves  are  intact.  No  doubt  part  of  this  iB 
ence  which  the  cord  exercises  over  nutrition  is  due  to  the  relatio 
which  it  bears  to  the  vaso-motor  nerves. 

Within  the  cord  are  contained,  for  some  distanoe,  fibres  (a) 
regulate  the  dilatation  of  the  pupil,  (b)  wdiich  have  to  do  withtk'j 
genie  function  of  tlie  liver,  {e)  which  control  the  iierve-snp|»lj  rtf j 
vefisels  of  the  face  and  head,    (d)   which  produce  acceleration  d\ 
heart's  action,  and,  (e)  have  a  tbermotaxic  action  on  the  maficles,! 

The  Relations  of  tue  Diffeuext  Pahts  of  thb  BajiiK. 


Before  considering  the  parts  of  the  brain  separately,  it  will  be  Wj 
the  comprehension  of  the  plan  of  its  constriietion  to  take  a  general  i 
of  the  whole.      The  brain  on   superficial   examination   presenU ! 
distinct  parts,  viz.  (a,)  The   large  and  prominent   masses  of 
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rided  by  fissures  into  coiivaliitioBa  (fig.  363),  and  oovering  to  a 
Bnt  the  other  parts,  separated  from  one  another  by  a  deep 
"running  from  front  to  back.  These  cuiistitute  th*^  cerebral 
aheres  or  cerehrum.  {0)  On  the  under  or  central  surface  of  the 
can  be  se^en  a  broad  mass  roundetl  on  the  surface  more  or  less 
lateral  in  shape;  this  ia  the  pofts  VaroUi  (lig*  363,   VL).     An- 


vi 


MMP.9of  thebmln.    1,  niifM^rlor   l^riuiiudinal  Rswure-   5,  2*,  sr,  anterior  cerebral 

JofSylviiM.  between  aut^^riur  and  4.  4\  V\  middle  cerebral  lobe;  S,  5%  posterior 

ilA objijiigatA.  Tliv  l^inire  in  in  the  Hxbt  auti-rinr  pymniid ;  7,  8,  W,  ID,  thewj-idjenum; 

r  Teriniforni  proc«*«H.    Tin*  fljnirew  fruni  I,  to  LX.  are  f>liiJL"e<:i  aKa'aat  tin?  t*orreHpt>niLliii*f 

;  IlL   In  place^l  tm  tUf  riuht  erua  tvrebrf.     VI.  nud  \1I.  on  the  pona  Varulii;    X 

1  or  miboccipital  nerve.     (AIIhu  TbomMoo,)    J^, 

r  it  is  aeon  to  branch  off  into  two  strands,  which  are  the  crnra 
'  and  posteriorly  it  joint?  witfi  a  narrower  portion,  whicli  is  the 
f  oblonifdiiX  or  hnlh.  This  hitter  is  contimioiis  with  the  spinal  cord* 
lection  with  tb«  buUj  and  pons  arp  seen  many  nerye-trunks  pass- 
;    those  are  the  chief  part  of  the  rratiftfl  tierres.     Two  of  the 

nerves,  liowever,  are  more  interior,  and  nne,  the  optic  (fig.  303, 
IpQ  to  send  oil  a  broad  Viand  of  fd^^res  which  apparently  passes 
le  substance  of  the  eor«briim.  The  most  anterior  nerve-root  on 
gide,  viz.,  the  olfactory  (fig.  3<;3,  1),  cxtemla  fur  some  distance 
le  under  surface  of  each  cerebral  hemisphere,     (r.)  The  pons  is 

Vk*  connected  laterally  with  a  large  mas.*^  f*f  nervous  matter,  upon 
LD  the  position  of  the  brain  turned  upward,  the  bulb  alea  r^j 
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thifl  18  the  cerebellum^  and  (d.)   Wlion  the  brain  is  view^  in  the  mmDil  j 
]M>gition  at  the  bottom  of  the  fissure,  between  the  hemispheres  bfmij 

broail  hand  of  white  mutter  connecting  one  hemisphere  with  - 
the  nuiin  commissure  or  corpus  callosum  (fig,  3ri6)-     »Such  pan 
brain  are  evident  eren  on  superficial  examinution.     On  dissDctioi^iliiJ 
found  that  the  central  nervous  system  is  not  a  solid  mass  of  nenei 
rial;  it  incloses  certain  cavities,  the  cerelfral  trritrickj!,     FonniDgl 
walls  and  boundaries  of  these  ventricles  are  very  important  maan 
nervous  matter.     The  cercbrtim  proper  incloses  a  large  cenrral  r^ntj, 
but  separated  by  a  median  partition  into  two  lateral  vefifriflrj^,   Intfl ' 
the  cavity  of  each  lateral  ventricle  (fig.  354)  projects  a  rounded  um'^.  I 
gray  matter  anteriorly,  which  is  the  caudate  nucleus  of  an  ini[wrt4fit  j 
structure  known  m  the  corpus  sfrinium,  the  more  external  part  of  vbidH] 
the  lenticular  nticleus,  is  embedded  in  the  mass  of  the  cert^br^  li*  ] 
Bfdicrc,     Below,  or  more  postenor  to  the  cuudnh  fivckus^  aud  alsii  pn>*| 
jeeting  into  the  hit^jral  ventricle,  is  a  second  mass  of  gray  matter,  r*MJ 
the  apfic  tlutUtmus;  the  upper  part  of  this  only,  however,  is  seen  int 
lateral  ventricle,  the  lower  aud  more  internal  part  approaching  it^fd 
in  the  middle  line  leaver  a  8pace  which  on  vertical  section  is  more  or  I 
triangular,  caUed  the  third  ventricle.     The  lateral  ventricles  «re  i 
raU'd  front  one  another  by  means  of  a  partition  made  of  two  lajeni 
white  matter,  the  Mpfum  hiridnm.     On  section  the  septum  iBBDentel 
more  or  less  triangular,  and  between  the  two  layers  there  is  the  space c 
the  /(//A  vcufrirlr  (tiled  with  fluid. 

At  the  posterior  part  of  the  septum  Incidnm,  and  joining  with  it,  i 
ihe  fornlr.  This  is  a  longitudinal  commissure;  it  is  arched  audi 
edge  is  seen  in  the  laterul  ventricle  on  either  side.  Between  it*  < 
and  the  upper  part  of  the  optic  thalamus  projects  a  fringe  of 
vessels,  which  is  the  upper  part  of  the  septum  of  the  VYiscuIar  pin  i 
which  passes  into  the  intt-rior  of  the  brain,  and  which  is  called  tb^ 
r«fr/;*^r.ri/,'<;  the  whole  of  the  projection  fornt in ir  a  roof  for  the 
ventricle  is  otilled  the  velum  inftrpmUnm* 

The  fornix  (Og.  364,  i)  is  niadu  up  of  two  fitrjinds  anteriorly,  < 
the  anterior  pillars,  and  of  two  similar  jiilhirs  posteriorly;  tbei 
portion  called  the  body  consists  of  the  parts  of  the  two  pillars  which i 
joined  together  in  the  middle  liue.  The  body  of  the  fornix  is  f 
in  shape,  broad  and  Hat  behind,  where  it  is  connecttnl  with  t- 
callosum,  and  narrow  in  front  where  it  is  connected  to  the  septara  la 
dum*  The  anterior  pillars  pass  downward,  separated  from  one  anotl 
on  either  side  of  the  third  ventricle  in  front  of  the  foramen,  by  ^hu 
the  lateral  communicates  with  the  third  ventricle,  called  the /« 
uf  Mfmrn;  eacli  ]  till  sir  then  passes  forward  ;nifl  domi,  and  twistinctip 
itself  forms  the  corpus  aii/imn^i  and  then  piisses  in  part  to  join  the  t 
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US.  The  posterior  pillars  pj^ss  tlown  imd  out  and  form  part  of 
erior  of  that  part  of  the  lateral  ventricle  which  descends  into  the 
or  lobe  of  the  cerebrum.  Thus,  when  the  fornix  is  rellected  from 
nt,  first  of  all  the  velum  interpositum  is  seen,  antl  when  that  is 
sd  the  third  ventricle  cornea  into  eight, 

e  thinl  ventricle  terminates  at  its  posterior  extremity  in  the  pineal 
From  this  ventricle  a  short  narrow^  passage,  the  tier  a  teriio  ad 


ii 


^m 


^^^^ 


^5^ 


V^^^ 


WM 


— IHflBectioi]  of  brain,  from  aIkivh,  f^xposinir  the  lateral  fotirt}i  mad  fifth  rentrEclefl 
«amniti4lloj?  parts,  J^,  n.  Aiitt*ri*ir  imrt,  or  ffenu  of  corpus  cMlltki^inii ;  h,  corpus  atria- 
the  «jrpu»  Htriatum  of  k»ft  wide,  di«s*tt^tol  bo  ok  to  expose  il,s  ^Tay  siilistaQeLv;  c,  points 
t-o  the  uiniia  3<emifinnilariH;  rf,  optir  tlmlamtJM;  r»  anterior  plllrtra  of  fornix  tlivideJ: 
*y  art!  M*i*^ii  df'siirenilinf;  m  frtint  of  Tlir  tiiJnl  ventriek\  and  hetWLieii  Iht-m  is  st't'u  part  of 
iorcomini*iH">*^;  '^i  frt>iit  of  the  ii4U-r  r  iM  tn^ti  the  sllt>like  titth  veivtrlele,  b«'lwet«n  the 
(MP  of  til*'  wptmio  liifiiium; /,  woft  or  iniiltUe  *>jitiiiiis«un>;  q  is  planil  in  the  pfjst«*rior 
Jic  third  vtMitriok*;  imnuxliatt^iy  iM^himi  tlit"  latter  itrt*  the  v>«^st«i"ior  cojiiinfHKyr**  < jii»t 
md  Lhv  |Mii+?Jil  (jduini,  the  ivnt  rnira  uf  which  t^xtr-nd  forward  along  tht>  inner  aud  up- 
^lii^  of  till*  oplir  tiimhimi;  h  and  i^  thi^  oirttoi^  qiLadrig«mliyi;  k.  Kiiperlor  rrtis  uf  ren;- 
»lo<*e  to  k  Lh  tlu'  vnivr  mf  %'it%u>wt^im,  whirh  liow  lieem  d(vl(kHl  tuy  am  taexposi'  tlio  fourth 
;  f,  hiT»p<iw-*ampUK  iiiiijor  ojid  iH>rpiiH  fiiidjrkituni^  or  tipnia  hiiipoeajjipi;  m.  Iiippocaiupnit 
,  eniiiu*''TitiB  erdlat-eniUs;  o.  fourth  ventrkde;  p,  |w»Mterior  Kur/aoi?  t^f  u^t^iiilU  ohloni^ata; 
,  of  ct*rt'l>t'Uiiiii;  J»,  iipp'r  mrt  id  li'fi  htMiiisplit^rf  of  ct'^reixdJiini  expt>st"d  liv  the  removal 
t  th«  poKttTior  eere^ral  lotitr     (Hirst-hfWid  am!  l^^veilh'v  j 

m  ventrictdum,  or  aqueduct  of  Sylvius,  paasea  tlirongh  the  neict 
I  of  the  brain  called  the  mid-hrain.  This  part  is  covered  in  by 
ira  of  nerve -ganglia,  the  inilerior  and  the  posterior  corpora  qua- 
ina,  and  the  floor  is  formed  by  the  crura  cerebri.  The  acjnednet 
dus  opens  at  the  upper  an^le  nf  i\  lozenge-shaped  cavity,  the 
ventricle,  which  is  sitiiiikM]  on  the  tlorsal  aspect  of  the  pons  and 
The  fourth  ventricle  luis  no  roof  of  its  own  beyond  a  layer  of 
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epiihelitim,  but  it  is  covered  in  by  the  eerebelhini,  the  Buperior  pedon- 
dei  of  which,  coiiYerging  forward,  form  ita  anterior  liuiiU)  and  tb 
inferior  peduncles  form  its  posterior  boundaries  on  either  side. 

The  lateral,  third  and  fourth  ventriclBs  communicate,  and  ihm^ 
the  last  with  the  central  canal  of  the  spinal  cord.  They  are  all  linsd 
with  oolnmnar  ciliated  epithelium,  beneath  which  is  a  development «jf 
neuroglia.  This  liniug  eo  formed  13  called  the  eperidyma  of  theJ«iH 
triclea.  Where  the  superior  peduncles  of  the  cerebellum  are  approad- 
ing  each  other  at  the  upper  part  of  the  fourth  ventricle,  the  inuiml 
between  them  is  bridged  over  by  a  thin  layer  of  gray  matter  called  the 
valve  of  Vieusaens. 

The  portions  of  the  central  nervous  system  are  thus  classified  :— 

(L)  Cerebral  hemispheres  with  the  corpora  striata,  developed  fmni 
the  cerebral  vesicles — and  enclosing  the  lateral  ventricles. 

(ii,)  Fore-bnthi^  fonnod  of  the  parts,  including  the  optic  thalinji, 
which  inclose  the  third  ventricle. 

(iii.)  Mid'brain^  consisting  of  the  parts  inclosing  the  aqaeductot 


f/ 


\-* 


Fiff.  nBr».-^PUii  In  outline  of  the  (meephalon,  or  sewi  from  the  H^bt  side. 
rppn*ise'iit«»tl  ha  BepArat4?ii  from  one  another  nuuit^what  inon'     ' 
Lj  tVrtfbmm;  /.  a.  A,  it<*  anterior,  iiiiiliiks  aud  p 


tiiAU  natural,  fvt  ts  to  miffW 
cc>niu*ctiou«.  Aj  tVrtfbmm;  /.  a.  A,  it<*  anterior,  iiiiiliiks  aud  pos*u*rior  h*t*y»;  e,  flMtr«  «fl 
viu»;  U,  cerebellum:  C,  t>ons  varolii;  D,  urhIuIIh  ohlon^ntA;  a,  pedunelea  <if  the  < 
6,  c,  d,  Riiperior,  Diiddle,  aud  liiferiiir  jitxlunck^H  of  ibo  cerebellum.     (From  QufLin  > 


P 


Sylvius,  viz.,  the  corpora  quadrigemina,  which  form  the  roof,  and ' 
crura  cerebri  which  form  the  floor. 

(iv.)  Hinfhbrain,  the  pons  Varolii  and  the  cerebellum  form 
tively  the  floor  and  roof  of  the  fore-part  of  the  hind-brain,  and  the  1 
the  floor  of  the  back  part  of  the  hind-brain,  the  roof  being  practia 
absent. 
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division  of  the  brain  into  the  four  parts  is  justified  by  a  consid- 
nf  its  development.  As  will  be  seen  later  on,  the  brain  consists 
ly  of  three  cerebral  vesicles,  the  dilated  extremity  of  the  neural 


|,_Vjew  of  tho  Corpii«  tVilloK^im  from  abnvft,  VlJ.— Th<»  upper  surfar©  of  the  corpiia 
ia  Ijeen  fully  t»xfKi«<il  by  M'^>aratiii^'  the  een-bral  h<?inis-plii'rfs  and  thmwjnK  thmn  to 
le  gyras*  fornicAtHj*  hxi-Hl»t^in  detachr^l,  and  tlit^  trmL**vvrsi*  ttlirt*H  of  tlie  ctirpus  callo- 
for  somi?  ilintaiic*!  into  thf  i'lTf^ttral  rtuHhillary  suliKtAUCtv  U  the  upper  surfm^H  of  the 
lotfum;  2^  mtMltlau  fiUTofw  or  raphe;  %  Itm^ltuilmal  striro  Itmiiuliu^  the  furrow;  4, 
mi*Hi  1*y  thr."  t raiisvt*i>i»  liaridf^  a^  thf*y  pokh  ii(t4»  thi'  iM^n'hnmi;  t\  ah ttri or  extremity 
the  corf* U.S  eallosum;  it,  pttsU'rUtr  extreintty;  7,  atiterhir,  ah'fl  K  iHwt^'rior  part  of  the 
re«  prtii-e*?iJiii*f  from  tlu-  rorpux  cnlUnsiim;  ?l  nmr^iii  of  th«  Mweilini?;  1(\  anterior  part 
olutlnu  of  the  cori>uH  ea]lli>Muiu;  U,  lieui  or  oaniL  of  uuiou  of  thin  cimTolutloD;  lt«  In- 
rulutiouft  of  tlie  porloUil  lube;  13,  upjier  surface  of  th(5  ciTOiboUum.    C^ppey  after 


id  these  consist  of  fore-,  mid-,  and  hind-brain.  From  the  fore- 
lere  ia  first  of  all  budded  off  on  either  side  a  new  vesicle,  the 
jicle  from  which  is  developed  the  optic  nerve  and  retina,  and 
d  a  large  vesicle,  the  cerebral  vesicle,  which  grows  rapidly, 
divided  by  a  central  partition  into  two,  ea<"h  of  which  incloses 
al  ventricle.  The  f^erelira!  vesicles  grow  so  qnickly  as  to  cover 
fore-  and  the  mid-hrain.  The  parts  of  which  the  fore-,  mid-, 
I- brains  are  made  np  are  developed  fi-om  the  corresponding  cere- 
clcs. 

II  be  as  well  here  to  indicate  briefly  the  strnctnre  of  the  brain. 
jts  of  white  and  gray  matter  differently  arranged  in  different 
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Distribution  of  the  Gray  Matter. 

(i*)  In  the  bulb^  at  the  lower  part  tho  distribution  of  gray  matter  M* 
lows  that  wliii.^h  prevails  in  the  cord,     lliglitir  up  the  chief  purt  isfguad 
toward  the  posterior  or  dorsul  a^iject,  surrounding  the  central  maL 
Whcin  tlio  central  canal  opens  out  into  the  fourth  ventricle  the  pif  1 
matter  comes  to  that  surface  chiefly,  and  is  found  to  consist  more pw- 
ticulariy,  on  cither  side,  of  the  nuclei  of  origin  of  the  craniftl  nena,! 
viz.,  the  12th,  11th,  10th,  0th,  and  8th,  and  more  externally  of  tbej 
nucleus  gracilis  and  nucleus  I'uneatus  (n,^.,  n.c,,  figs.  370,  371).  h\ 
addition  to  these  masses  of  gray  matter,  there  are  the  olimrtf  Mm  {9, 
figs.  370,  371)  toward  the  ventral  surface  with  the  atmsiory  oHm  («\  , 
and  the  external  arcuafv  {n,a}\  in  figs,)  nuclei,  placed  at  the  tip  of  tk 
anterior  tissure  on  eitlier  side  on  the  ventral  surface  of  the  a»t€rior| 
pyramids, 

(ii.)  in  ihe  pon^  Varolii. — Tn  addition  to  the  origins  of  ncftff  i»  I 
the  floor  of  the  fourth  ventricle  on  the  dorsal  aspect  of  tlie  pons,  x\lA 
of  the  7th,  6tb,  and  5th  nerves,  there  are  several  maasefi  of  gray  1 
viz.,  in  the  back  part,  the  auperutr  olive  (fig.  371),  and  in  the  f« 
part  the  locus  eterulenH,  as  well  «l8  small  amounts  of  the  sanio  raati 
mixed  with  fibres  in  the  more  Tentral  surface. 

(iii,)  In  the  mid-brain,  the  gray  matter  preponderates  in  the  ( 
thalami,  rorporu  f/nndrif/emijtff^  and  corpora  f/rniculata.     It  is  also  foi 
surrounding  the  aqueduct  of  Sylvius,  and  in  other  parts  of  the 
notably  such  masses  as  the  red  nucleus  (fig,  372),  locus  niger  (fi^^  Ti^ 

(iv.)   In  the  cerebral  hmnisphere^^  the  cerebral  cortex  is  miwle  uj 
gray  matter  which  incloses  white  mal^^er,  and  the  corpus  striata 
maiie  up  more  or  less  of  the  same  materiaL 

(v.)   In  the  f'erettt'Unm^  the  gray  matter  forms  the  incasing  materiAJ 
In  the  interior  too  there  are  masses  of  gray  matter  forming  the « 
dcntafa. 

This  then  roughly  indicates  the  localities  in  which  graymatliflrl 
found ;  the  arrangement  of  the  fibres  and  their  relation^ip  to  thei 
matter  will  Ije  dealt  with  later  on. 


The  Pflu  or  l^lEDtrLLA  Orlokoata. 

The  medulla  oblongata  (figs.  3C7,  36H),   is  a  column  of  gray 
white  matter  formed  by  the  prolongation  upward  of  the  spinal  cordi 
connecting  it  with  the  brain . 

Structure, — The  gray  substance  which  it  contains  is  situated  in  I 
interior  and  variously  divided   into  masses  and  laminaB  by  the  whii«< 
fibrouiJ  eub^tt^nc^  which  is  arranged  partly  in  external  columns, 
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Etly  in  fascinili  traversing  tlio  central  gruy  matter.  Tlio  metlnDti 
lugata  is  larger  tlian  aiij  part  of  the  spinal  cun}.  Its  columns  are 
iform,  enlarging  as  they  proceed  towarLl  the  brain,  and  arc  continuons 
ith  those  of  the  spinal  cord,  Eaoh  half  of  the  medulla,  therefore,  may 
I  divided  into  three  columns  or  tracts  of  fibres,  continuous  with  the  three 
Rets  of  whioh  each  half  of  the  spinal  eord  is  made  up,— the  oolunnis 
more  prominent  than  those  of  the  spinal  cord,  and  are  separated 
om  each  other  by  deeper  gi*ooves.  Tho  anterior,  continuous  with  the 
Iterior  columns  of  the  cord,  are  called  the  anierior  ppramichy  and  the 


Tig.  aB7, 


Fig.  368. 


Fig.  aoX.— Ventral  or  anterior  flurfftcft  of  the  pon»  VftroliJ,  and  meduUft  oblonj^tn,    a,  a.  &n- 
pyramidN;  b,  thoir  decufwwitkm ;  r,  c^  olivarv  IXHiiea:  d^  d,  refitlforni  iMulit^n;  e,  arciforfu 
V,  fibres  poKMiriik;  from  the  Aiit**rior  cohiirm  of  tlni  crird  to  thi?  eer*'b*^Uuiii;  gr,  ant**rior  (mjI- 
or  till*  spinal  *.'L»rJ;  h^  lateral  c>4Qinn:  p,  pons  VaniUi;  i.  Its  upper  ftbrns;  5,  G^  root*  of  the 
bipair of  n«rvf«. 

?ifr   rwJt— r>tikrsial  *>r  posterior  snrfm-n  of  iht*  jums  VaroUi.  corpora  quatlrii^omma,  and  me- 

T"     ^  '      j-.ta      Th+>  p*'dunclt»8  of  the  r«T^l>eUmii  are  cut  «iiorl  aL  thn  Hlfk\     n,  a,  th*^  upper 

I  i  quatlriL'**iT>iini;  />,  ^,  tht*  lower:/,/.  Miix^ior  pNjunt"l»»«  of  iho  cPTubtilhiiu;  c. 

Lj,  .  ,ir'rt#'il  u  ltd  thi-  nuoU-UH  iff  the  hvpoxk^Asal  ntfrve;  r,  tliat  nf  the  glofwo-pharytiM'cW 

t^»' ;  ?.  mm  of  thi^  vfiirtiH  m'rve ;  if,  d,  rf«ti^orm  t>i*(lk'ss;  ;i,  r>,  j>oHtt''rior  pyramids;  i\  i\  ^oovo 

tie  middlH  of  Lhti  fourth  ventiiek\  ending  bcdow  in  tht)  eaiauiUA  flcriptoHus;  Th,  7^  roots  of  the 

itory  nerves. 

ptero-median  and  postero-external  columns  are  also  represented  at  the 
ItarioT  or  dorsal  aspect  of  tho  cord  as  the  fff^snculuR  ffrm'iUs  and  the 
fttrultis  cunrMuH.  Tho  poatorior  pyramids  of  the  medulla  which  in- 
ide  these  two  cohimus  of  white  matter  soon  become  much  increased 
"Width  by  the  addition  of  a  now  column  of  white  matter  ontside  the 
ler  two  which  is  known  as  the  famruhtft  of  Rohmfh.  The  lateral  col- 
IBS  of  the  cord  undergo  cousidurablo  change  and  are  scarcely  repre- 
ited  as  such  in  the  bulk 
It  may  be  said  then  that  the  bulb  at  it^^  commencement  differs  only 


FlpT-  'MI^^—DoiibaI  or  poflterlor  Tfew  of  tho  meduUik  fotirth  Teutriclft,  and  i 
^Uturiil  HiJtel,    p, «.,  liiii^of  the  |:»o«t>nrlor  root*  i>f  th**  s|>kiiial  nerves;  p.iti./.^  pc. 
iMBur© ; /,  y, .   fuuii^uliiH  ^riu-iliw;   cL^   iu  cliiva;  /  f- ,    ftmieulus  cuneatus;  f,R.^ 
Rolond't:  r  ft. »  ri*«4tifonii  Wiy ;  r. ». ,  euJamiiH  Ht'rlnt4»riij)*:  i,  *»Htiou  of  li^ula  or  ttWiU,  r- 
chopoki  plexus  is»  stvii  lu'Dt'tttli  II ;  /.r.,  li:iU»ral  rHt"i.*.Hsof  ibe  veiitricit>;  »^r,,  i^rto  tcHsfltTi';  ^f- 
iufiTlor  rossa;  «./. ,  p<wtt'!rk«r  ftus^i;  U'twi'eti  it  ami  tht-  mMian  milciiR  is*  tht*  faarjcuJt^' 
ebt,^  cut  Mio^fjiLH*  of  tlit^  Lt^ivliellar  lu-ml^phr-n';  ru/. ,  e»*Mt nil  or  grtkym-"  - 
modulUirir  velum ;    /hi;.,  IJpiIn;  j(. r.«.^  siiiMTior   eerebt-har  fieduncle  c^ 
com biiMNdr  sect Juu  of  the  thrt't*  cert'fM^lhir  iwilunelej*;  r.  i/. «.  ^  r,^.  i\^  corji 
perior   and  iufi*rior);  fr.,  frn-nulntfi;  /, ,  fibres  of  tlie  fillet  mva  on  the  Bunaee  m  ui.i  ^^t^ 
iuiii;  •\,  ci-ui^th  i.Q.,  lateral  |7ro*.ive;  ci;,  i„  cortiii«  efiilcfulum  Intermix;  ih,,  pfjtterUt 
Ihalamu^:  p.,  pineal  liHxly.     The  Komaxi  nuuilierB  iDdlcate  the  eomenicuidinc  cfauli] 
(E.  A.  8chl&er.> 


Bitrfuco.     The  central  eanal  of  the  cord,  therefore,  k  directly  com 

with  the  fourth  ventricle. 

If  the  hulh  be  examined  on  its  anterior  or  ventral  surface  it  hlonai 
that  the  anterior  fissure,  which   is  a  continuation  of  the  same  !i- 
the  eord,  ia  occupied  at  the  most  posterior  part  by  fibres  wl 
crossing  from  one  aide  to  the  other;  the  central  canal  being  puBhed 
toward  the  posterior  surface*     This  ia  what  is  known  as  the  a\ 
fkc7Jssa(iou  of  the  medulla  oblongata.     It  is  forraed  of  the  fibres  wbi«| 
in  the  cord  occupy  the  postero-Jateral  region  and  are  called  the  c: 
pyramidal  filires.     The  lateral  pyramidal  fibres  of  either  sW 
ing  in  the  middle  line  in  this  way  become  part  of  the  anlL:,- 
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Ite  side;  the  rest  of  tlie  pyramid  being  made  up  of  the  fihree 
5  anterior  column  of  the  cord  known  as  the  direct  or  iincrossttd 
pi  librcH.  Tht'isO  two  pyramidal  atnmdd  ol  f Hires  are  those  which 
ito  on  lesions  of  certain  parts  of  the  cerebrum  which  are  known 
iJDtor  areas  of  the  cortex.  They  can  therefore  Ijo  traced  downward 
lesionH  as  tracts  of  degeneration.  Tliey  are  the  fihrcs  of  commn- 
betwcco  the  cerebral  cortex  and  the  dtflcreut  segments  of  the 
M-  The  anterior  pyramids  of  the  bulb  are  marked  out  by  the 
n  that  part  of  the  nervons  axis  to  the  outside  of  them,  of  a 
le  r2th  or  liypoglossah  More  iaterally  than  this  nerve,  there 
?omes  very  prominent  on  cither  side  a  rounded  elevation  or  col- 
Ich  is  known  as  the  olitmrf/  bodt/.  It  is  not  seen  at  the  begin- 
'  the  bulb  at  its  junction  with  tlio  cord,  but  begins  at  a  lower 
pi  the  opening  of  the  fourth  ventricle.  On  the  further  side  of 
try  body  is  seen  the  line  of  origin  of  fibres  of  the  lltb,  lOfcb,  and 
es,  and  from  this  to  the  posterior  lissure  is  tlie  posterior  pyramid, 
whole  of  that  part  of  the  medulla  which  is  sitnated  laterally 
the  olivary  body  am]  the  posterior  fissure  is  known  m  the  rcsii' 
ly;  it  is  continued  forward  on  either  side  as  the  inferior  peduncle 
irebellum. 

changes  whicli  are  noticed  by  the  study  of  series  of  sections  of 
from  below  upward  may  be  summarized  thus:  In  the  dorsal  or 
\  region j  the  posterior  cornua  are  pushed  more  to  each  side,  and 
tance  of  Kohmdo  is  increiised  and  becomes  ronnded,  reaching 
)  the  surface  of  the  bulb  on  each  side,  a  small  tract  of  longitu- 
des of  the  ascending  root  of  the  5th  nerve  oidy  intervening. 
a  great  increase  of  tbe  reticular  formation  around  the  central 
d  the  lateral  approaches  the  anterior  cornu.  Then  at  the  ven- 
tterior  aspect  the  decussation  of  the  lateral  fibres  begins.  By 
foig  over  of  the  fibres,  the  tip  of  the  gray  anterior  cornu  is  cut 
be  rest  of  the  gray  matter.  The  central  canal  is  pushed  further 
le  posterior  surface,  first  of  all  by  the  decussation  of  the  anterior 
I  just  mentioned,  and  later  on,  i.e.^  above,  by  another  docussa- 
fibres  more  dorsal.  Theso  fibres  of  the  second  decussation  as 
IS  form  a  median  raphe  and  also  help  to  break  up  tlie  remaining 
ir  into  what  is  called  a  reticular  formniion.     There  has  beea 

doubt  as  to  the  origin  of  these  dcscussating  fibres,  but  the 
iritiea  now  consider  them  to  be>  at  any  rate  in  part,  the  fibres 
nuclei  of  tbe  fasciculus  gracilis  and  fasciculus  cuneatus  of 

and  look  upon  them  as  a  sensory  decussation.     At  tbe  pos- 

Boon  there  appear  in  the  columns  of  white  matter  of  the 
gracilis  and  fasciculus  cuneatus  new  masses  of  gray  matter. 

iiorn  approacbes  the  anterior ;  but  soon  the  latter  is  pushed 
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further  and  further  toward  the  centre^  while  the  lateral  bom  mtiiiia 
!ii*ar  thf  laLcml  surftice*  The  untorior  gray  muttt*r  lieeojut^  broktti  up 
and  rnergi'd  into  t\w  retieiUar  formation.  There  18  al&u  a  siinilur  n;lioB- 
lar  formation  hoth  toward  tho  centre  and  also  lut<»rallT  b  :''->' 
region.  At  tlie  level  where  the  central  canal  0]>en8  into  the  ^■ 
cle,  tlie  posterior  jjyramids  diverg^ing  to  form  the  lower  and  ouuidi 
boundaries,  and  inclosing  a  space,  tho  calamus  scriptoriua,  betfOB 
them,  tiiere  are  to  be  made  out  various  masses  of  gray  matter  iu addi* 
tion  to  the  reticular  formation,  viz.,  the  irnclei  of  the  fagdcdaegnialii] 


v^-'i 


0^ 


ajnf* 

Ii1(^.  'f70.— Ant<?rtor  or  dorwil  sstK'tinn  itf  the  nifduH  '  i  In  the  i^'j-! 

pyrauii<liil    dwuKsalioo,     a.m./.,    uiikTiiir    iiiecliAn    i  ,    Kiiiihp^rflr: 

iimerffirii;  from  thv  ll!«4iiri':  p.V- ,  J'.vniiiikl:  n.<ir„  nuclei  mi   ilfm^: 

lit*comiiiiiir  KupM'fk'ial ;  i>,  hnvtT  ♦•ml  of  olivary  tujcleuK;    u./.,  nui  " 
rt'iiculurifi;  f.n.^,  arcifonn  fllirejt  iiri30tM*«liii|LC  fnmi  Hit?  fomiBtio 
ItttiuuHii  «if  ftfihijido;  CI,  V*.,  ftfM,'f m n iiiT  nKtt  of  liflli  nerve;  it.r, ,  nti. 
tfuncate  aucleu»;  ».f/.,  iiutH»Mis  frrat'ilirt;  /.»/.,  fimimltui  irmcilis;  p.m./..  j 
8un»:  <r»c,,  Lvtitral  vmial  »iirri»urni<'<l  by  izray  iniitt+T,  in  which  are  n.XL,  n. 
iux!C««orT,  and   n,XIL^   nucleus  of  um  hjrpogloaaal ;    »,<!,,  superior  pyra.u 
CUodiOfMl  trma  Schwiaiie.) 


ami  fasciculus  cuneatus  (370,  w.*/*  and  n.c),  which  are  at  this  Icf 
however,  already  diuiini^biug  nnd  are  lost  at  a  level  of  the  pom  Va 

The  olivary  bodies  extend  forward  almost  to  tlie  level  of  tlie 
They  consist  of  gray  aud  white  mat  tor.  The  gray  matter  confiiBliI 
plicated  thinuish  strand  containing;  small  nerve-cells,  foUled  njion  \^ 
in  the  form  of  a  loop,  with  tlie  ends  turned  inward  and  slighilj  da 
(Fig.  371,  o).  The  gray  loop  is  filled  with  and  covered  by  white  i 
part  of  the  fibres  ptis^ing  tli  rough  the  gray. 

Intenjid  to  the  olivary  body  on  eitlier  side  are  two  small 
gray  matter,  one  more  ventral  to  the  other,  called  accessory  oI1tc«iI  ^ 
ternal  and  internal,  and  un  tlie  surface  of  the  anterior  pyramid  oneiti' 
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a  Unall  mafia  of  gray  matter,  external  arcuate  nucleus;  laterally 
^ber  mass  of  the  Haiiie  material,  tiie  repreaeutative  of  the  lateral  nu- 
8  of  the  cord,  is  seeu,  viz.,  the  aiitero-lateral  nucleuBj  which  gives 
in  to  the  spiual  aecessory  nerve.  , 

twill  he  ntK^essary  to  follow  as  shortly  as  possible  the  fihres  of  the 
alcord  upward  into  the  hull>  and  heyond  :-^ 

Oie  crossed  and  direct  pyrauiidal  tracts  have  already  been  clescribed. 
liflg  definite  is  known  of  the  antero-lateral  descending  tracts.  The 
>ellar  tracts  pass  laterally  into  the  restiform  bodies  and  go  to  the 


n.c 


,,— Sectinn  of  the  rawlylla  ohlouKnilA  at  about  the  middlo  of  the  olivary  body.  /.  la.. 
liftD  ftisstiiv;  »i,rtr. ,  iiuek>iLH  tu^^iforiiiiK;  p.,  pymmirl;  .V/f, ,  bundli^  of  hypo^^li>8^ai 
itiil  from  thti  siirfiic*^;  nt  ft,  it  Ik  sfw-n  coiiniinK  IjetwfM^n  the  pyrmmd  and  th«  olivary 
9.  ;/.»».*'.  ^  extt-rii ft  1  arri form  llbn^;  «.J.*  iiUL-leuH  Haleralis;  rt,,  iuvif<»rm  flhi-pi*  inyjisinff 
Iwatifonii  Iwxly,  iwirtly  through  (h<*  suhHt^mtJe^  ^tdotiuossa,  j;.,  partly  suiierdieial  to  th*? 
linjf  rc»ot  of  llu*  rlfth  nt-rvi',  a,  T. :  X,  himdle  of  vokus  ro^it  liiuttrKinir;  /.r  format io  n*tic- 
;  c.r..,  oorjiuj*  rcstiforiii.  t>e^Lun{ii^  to  ho  fortiieil,  fhlt^fly  by  art.»ifonii  rtbrps,  8ti[>ernclal 
icp;  i>.f.,  micWiS  cLiticatim;  n.g.,  aijt-leui!i  Kl'at.^i1i!<;  f»  attttchiut^ut  of  the  n^ula;  /.#,»  funi- 
KMitATJUM;  n.A'.,  n.X,\two  partH  of  tht*  vat^jni  tiiieluuH;  ii.  A"//„  liypo|;rloK8i*l  uueletis;  iif.* 
*  of  the  fiifiieuliis  t«reH;  n.am.,  ducIuus^  ambieuus;  r.,  raphes  A.^^  contltiuatiori  of  the 
IT  column  of  cord;   o',  o\  ooct»ssiiory  i>livary  nucleus;  p.o.,  peduncuius  oUvaa.     (Modiflud 

ellum.  The  antero-lateral  ascending  tracts  appear  to  have  the 
destination  and  pass  directly  or  indirectly  into  the  cerebellum. 
Sbres  of  the  postero- median  and  postero-cxternal  columns  end  in 
ticlei  of  the  fiwciculus  gracilis  and  cuncatua  respectively,  either  in 
out  the  cells  contained  in  those  nuclei ;  at  any  rate,  ascending  de- 
"ation  of  tliesc  columns  cannot  be  traced  above  those  nuclei. 
he  rest  of  the  fibres  of  the  cord  appear  to  end  iu  the  reticular  for- 
m  of  the  bulb.  The  bundle  of  fibres  constituting  the  ascending 
)f  the  5th  nerve  ai>pears  to  correspond  with  the  tract  of  Lissauer. 
mneciiomi  of  ih^  bulb  wiiU  ike  cemhrum  and  cerebdlum. — In  addition 
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to  the  pyramidal  tractg  connecting  the  bulb  with  the  cerebrom  andtbi  1 
direct  c^rubelhir  iind  the  antLTo-liAterul  ascemling  tract  c<JimtH.UQg  it 
with  the  ceriibell urn,  there  are  other  comiections  of  the  bulb  with ibj 
cerebrum,  and  with  the  cerebelUrm,  not  actually  direct. 

(L)  Fibres  from  the  nucleus  gracilta  and  nucleus  cnneattu,  viuehij 
as  we  have  said,  are  the  bulbar  endings  of  the  fibres  of  the  pesters] 
median  and  postera-oxteniai  columns  of  the  cord,  pass  in  set* as  ill 
in  the  following  manner: — 

(a.)  hUenuil  arcuate  fibres. — Some  pass  down  and  inward  to  theo 
aide  in  the  reticular  formation,  forming  in  part  the  superior  or  ( 
decusaation,  and  in  the  inter-olivary  region  become  himgitudijMl  il^ 
band  of  fibres  called  the  Jillet^  which  passes  upward.     The^e  fibres  I 
probably  au;^meutGd  by  the  addition  of  fibres  from  the  anterior  coli 
of  the  cord. 

(/^. )  External  arcuate   tibrea  also  decussate   in   the  same  way, 
down  along  the  anterior  fissure,  and  then  running  outward  supers 
over  the  anterior  pyramid  and  olivary  body,  reach  the  restiform 
and  pjis8  to  the  side  of  the  cerebellum  opposite  to  their  nuclei  of  origaj 
These  fibres  appear  to  have  some  relation  with  the  external  arcuiitei 
elci.     They  connect  one  side  of  the  spinal  cord  with  the  opposite  fiidufl 
the  cercl>ellum  through  the  gracile  and  cuueate  nuclei. 

{c.)  Direct  lateral  fibres  pass  to  the  restiform  body  and  so  to  the! 
side  of  the  verebellum. 

(*3,)  Filf res  front  the  olivary  bmly  pass  to  the  opposite  side  of  1 
cerebellum  probably  through  the  reticular  formation. 

(15.)   A  re  if  or  m  fibres, — Fibres  from  the  nucleus  of  the  8th  or  auditi 
nerve  in  the  floor  of  the  4th  ventricle,  pass  to  the  same  side  of  th(i< 
belhun. 

FtKCTIONS  OF  THE    BULU   OR  MeDLLLA   ObLOKGATJL 

The  functions  of  the  bulb  are  those  of,  (a.)  conduction;  (J.)  I 
action;  and  (r.)  automatism. 

(a,)  Conduciion. — As  a  conductor  of  impressions,  the  medulla* 
gata  has  a  wider  extent  of  function  than  any  other  part  of  the 
system,  since  it  is  obvious  that  all  impressions  passing  toandfrol 
tween  tlie  l>ruin  and  tlie  spinal  cord  must  be  transmitted  through  it 

{h,)  Refiex  Action, — As  a  nerve  centre  by  which  impreasioM  i 
reflected^  the  medulla  oblongata  also  reaemliles  the  spinal  cord;  thec 
diHerence  lietween  them  consisting  of  the  fact  that  many  of  tbei 
actions  performed  by  the  former  are  much  more  complicated  thaui^ 
performed  by  the  spinal  cord. 

It  has  been  proved  by  repeated  experiments  on  the  lower  an 
that  the  entire  brain  may  be  gradually  cut  away  in  sueceasive  poH 


yet  life  may  continue  for  a  conaiderable  time,  and  the  respiratory  | 

retiieols  be  uninterrupted.     Life  may  ulso  continue  when  the  spinal  I 

is  cut  away  in  successive  portions  from  below  upv^-ard  as  high  aa  ' 

point  of  origin  of  the  phrenic  nerve.  In  amphibia,  the  brain  has 
n  ^1  removed  from  above,  and  the  cord,  as  far  as  the  medulla  oblon- 
from  below;  and  so  long  as  the  medulla  oblongata  was  intact, 
)iration  and  life  were  maintained.  But  if,  in  any  animal,  the  me- 
la  oblongata  is  wounded,  particularly  if  it  is  wounded  in  its  central 
t,  opposite  the  origio  of  the  vagi,  the  respiratory  movements  cease, 

the  animal  dies  asphyxiated,     Aufi  this  eHect  ensnes  even  when  all  I 

Pts  of  the  nervous  system,  except  the  medulla  oblongata,  are  left  intact.  | 

Injury  and  disease  in  men  prove  the  same  as  these  experiments  on  I 

.uinls.     Numerous  instances  are  recorded  in  which  injury  to  the  ma-  i 

a  oblongata  has  produced  instantaneous  death;  and,  indeed,   it  is 
agh  injury  of  it,  or  of  the  part  of  the  cord  eounecting  it  with  the 
n  of  the  phrenic  nerve,  that  death  is  commonly  produced  in  frac- 
attended  by  sudden  displacement  of  the  upper  cervical  vertebras* 

Special  Centres. 

the  medulla  are  contained  a  considerable  number  of  centres  which 
over  many  important  and  complicated  co-ordinated  movements 
BB.  Tlii?  majority  of  these  centres  are  (tf.)  rt^ex  ventres  simply^ 
are  stimulated  by  aJIoreut  or  by  voluntary  impressious.  Some  of 
are  {^.)  auiomaiic  a'/i^res,  being  capable  of  sending  out  efferent 
lulses,  generally  rhytlimical,  without  previous  stimulation  by  afferent 
ly  voluntary  impressions.  The  antoraatie  centres  are,  however,  gen- 
ly  Influenced  by  reilex  or  by  voluntary  impulses.  Some  again  of  the 
tres,  whether  reilex  or  automatic,  are  (c.)  coniroi  cenires,  by  which 
lidiary  spinal  centres  are  governed.  Finally  the  action  of  some  of  the 
tfes  is  (d.)  ionic^  i.e.,  they  exercise  their  influence  either  directly  or 
mgh  another  apparatus,  continuously  and  uninterruptedly  in  main- 
ing  a  regular  act  ion. 

Simple  Reflex  centres.  i 

( 1 , )  B  i  hi  t  e  r  al  ce  n  t  re  s  for  tl  le  c  o  -or  d  i  n  a  ted  m  o  vem  en  ts  of  Mmf  i  ration^ 
afferent  and  efferent  nerves  of  which  have  been  already  enumerated 
146). 

(2.)  Bilateral  centres  for  the  movomenta  of  DefjliUition,  The  medulla 
IDgata  appears  to  contain  the  centre  whence  are  derived  the  motor 
alfles  enabling  the  muscles  of  the  palate,  pharynx,  and  eesophagus  to 
uoe  the  successive  co-ordinate  and  adapted  movements  necessary  to 
-act  of  deglutition  (p.  3t]5).  This  is  proved  by  the  persistence  of 
lovring  in  some  of  tbe  lower  animals  after  det'truotiun  of  the  cerebral 

ay  , 
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hemispheros  and  cerebeUuni;  ite  existenoe  in  aQenoephaloiiB 
the  pfjwer  of  ssvallowitig  possefised  by  the  marsupial  enibrya  before tb 
brain  is  (jcvelopeil ;  and  by  the  completo  arrest  of  the  power  of  fiwaUof^j 
ing  when  the  nnitiuilu  obloDgata  is  injured  in  experimeats. 

(:j.)  Bihiteral  cenfcree  for  the  coEibined  muscular  moFemente  d 
SuckiMff^  the  motor  nerves  conoeroed  being  tlic  facial  for  the  hpiJ 
iMouthj  the  hypoglossal  for  the  tongue,  and  the  inferior  roaxiUarj  diTi* 
Bion  of  the  5th  for  the  muscles  of  the  jaw. 

(4,)  Bilateral  centres  for  the  Secrdion  of  SaUva,  which  haie  b« 
already  mentioned  (p.  354), 

(5.)   Bilaterul  centres  for  Vomiling  (p,  38:J).  j 

(G.)  Bilateral  centres  for  Coy^jhifyj,  whicli  arc  5?4id  to  be  iiidei>eDdfiDl 
of  the  respiratory  centre^  l>eing  situated  above  the  inspiratory  |irt rf 
that  centre, 

(7.)  Bilateral  centres  for  iSneezififf^  connected  no  doubt  with  tin 
reepiratory  centre, 

(8.)  Bilateral  centres  for  the  DiUUation  of  the  pnpil^  the  fihrea 
which  pass  out  partly  in  the  third  nerve  and  partly  through  the  spi 
curd  (through  the  lust  two  cervical  and  two  upper  dor&il  uer Teas':')  luUilMj 
cervical  synijiathetic. 

{b,)  Automatic  centres. 

(L)  iki-yjiirniorff  cenfns. — Tlio  action  of  the  respiratory  centw 
been  already  discussed.  It  is  only  necessary  to  repeat  here  that  althoygi 
it  can  be  inOuenced  by  atferent  impulses^  it  is  also  automatic  in  '^ 
action,  being  capable  of  direct  stimulation,  as  by  the  condition  of  4^ 
blood  circulating  within  iU  It  is  also  bilateral.  It  probably  Lmifss^'' *'' 
an  inspiratory  part  and  of  an  expiratory  part.  The  centre  is  c^ipiibliMiI 
being  inlluenced  both  reflexly  and  to  a  certain  extent  also  by  voliinUfJ 
impulses.  The  vagus  intluence  is  probably  constant  in  the  direction fll| 
stimulating  the  inspiratory  portion  of  the  centre,  whereas  the  inliw 
of  the  superior  hiryiigeal  is  not  always  in  action,  and  is  inhibitory 

(2,)  Oardio-Jfikii/ihnf  centres.  The  action  of  these  centres  in  i 
taining  the  proper  rliytlini  of  the  heart  tliruugh  the  vagus  tibres,  wHi 
termiuute  in  a  local  intrinsic  mechanism,  has  been  already  disL"U«»« 
The  centre  can  be  directly  stimulated,  as  by  the  condition  of  the 
circulating  within  it,  and  also  indirectly  by  afferent  stimuli,  esfj 
by  stimulating  the  abdominal  sympathetic  nerves,  but  also  by  stii 
ing  any  sensory  nerve,  including  the  vagus  itself. 

{:h)  J at^/t'w/or  centres  for  the  heart.     The  centres  from  whici 
the  accelerator  fibres  of  the  heart,  in  the  medulla.     They  are  sa 
but  not  tonic  in  action, 

(4,)    K<i^o-wio/or  centres,  which  control  the  nnstri|>od   muscle  of 
arteries,  are  ako  situated  in  the  medulla.     Like  the  respiratory 
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wte  bilateral.  As  Ikis  already  iMseii  pointed  oiit»  these  centres  may 
irectly  or  refiexly  stimuluted,  ua  well  as  by  impressions  conveyed 
ward  from  the  ncrebrum  to  the  medulla.  The  condition  of  the 
I  circulating  in  thenx  is  the  direct  Btimiikia.  Ita  iutiueuce  is  no 
t  a  tonic  or  else  a  rhythmic  one.  It  is  also  supposed  that  there  is 
e  medulla  a  special  vam-tlilator  centre  not  acting  tonically,  stimu- 
I  of  wliii'h  produces  vaseukr  dilatation.  The  diabeiic  centre  iB 
lily  a  part  of  the  vaso-motor  centre,  at  any  rate  stimulation  of  it 
g  dilatation  of  the  vessels  of  the  liver. 

^,)  Bilateral  chief  centres  for  the  secretion  of  Swmi  exist  in  the 
11a.     The  centres  on  either  side  control  the  subsidiary  spinal  sweat 
BS-     Tliey  may  he  excited  unequally  so  as  to  produce  unilateral 
ing,     Thoy  are  probably  automatic  and  reflex, 
L)  Bilateral  Spuifm  centres  are  said  to  be  present  in  the  mud u  11a, 
e  stimuhition  of  which,  as  by  suddenly  produced  excessive  vouosity 
J  blood,  general  spiisnis  of  the  muscles  of  the  body  aro  produced. 
'.)  Control  centres.     These  are  centres  whose  infiuence  may  be 
ted  to  eonlrulliug  the  action  of  subsidiary  centres.     They  are — 
..)   The  Ref^piratorif  centres,  which  probably  control  the  action  of 
suhordinate  centres  in  the  spinal  cord, 

L)  The  CardiO'Inkibiiori/  centres,  which  act  upon  a  local  ganglionic 
anism  in  the  heart, 

I.)  The  Accelerator  centres,  if  they  exist,  probably  act  through  a 
mechanism  in  the  heart, 
L)  The    VasO'tmior  centres  control  spinal  as  well  as  local  tonic 


5.)   The  medullary  Sweui  centres  control  the  epinal  sweat  centres. 
t)  Tonic  centres.     Of  tlie  centres  whose  action  is  tonic  or  con- 
»a8  up  to  a  certain  degree,  may  be  cited  the  vaso-moior  and  the  car- 
nhibitory. 

t  should  not  be  forgotten  that  in  the  medulla  are  intermediate  cen- 
for  the  special  senses,  Hmring  and  Timte^  and  that  otlicr  special 
roB  are  supposed  to  be  hjcalis^od  there,  of  which  may  Ijc  mentioned 
Ihe  hypothetical  luhlbiimy  hmt  anfre,  wliicli  coiitrolEi  tlie  pro- 
ion  of  heat  by  the  tissues,  independently  of  the  vaso-motor  centre. 

^p  The  Cranial  Nerves. 

lie  cranial  nerves  consist  of  twelve  pairs;  they  apjjear  to  arise  (bu- 
cial  origin)  from  the  base  of  the  brain  in  a  double  series,  whicli 
ids  from  the  under  surface  of  the  anterior  i>art  of  the  cerebruui  to 
Wer  end  of  the  medulla  oblongata.  Traced  into  the  substance  of 
>rain  and  medulla,  the  roots  of  the  nerves  are  found  to  take  origin 
Various  masses  of  gray  matter. 
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The  roots  of  the  first  or  olfactory  and  of  the  second  or  optic  nertBi 
will  be  fiieiitioDeii  elsewhere.  Thu  third  and  fourth  iierroB  ariao  from 
gray  matter  beneath  the  corpora  quadrigemiiia;  and  the  roots  of  origiii 
of  the  remainder  of  the  cranial  nerves  can  bo  traced  to  gray  matter  iq 
the  floor  of  the  fourth  veiitrieie»  and  in  the  more  central  part  of  thi 
medulla^  around  its  central  canal,  as  low  down  m  the  decuffiation  of  thi 
p}Tannd8* 

According  to  their  several  functions  the  cranial  nerreB  may  be  thni 
arranged : — 

a.  Nerves  of  special  oeantaB 


b.  Nerve»  of  coimiion  sensation 

c.  Nerves  of  motion 

d.  Mixed  nerves 


Olfactory.  Optic,  Auditory,  part  of  ito^ 
GhiBso- pharyngeal,  and  put  of  Hi 
Fifth. 

Tht*  i^reiiter  i>ortiun  of  t}i»j  Fiftb. 
Third,    Fourlli,     lessor  division  ^d  iht 

Fifth,  Sixth,  FiiciaL  and  H 
GkittfeMi'pliarj'ngeiil.   Va^^ua,   ai- . 

accc«ssury. 

The  phyBiolopy  of  the  First,  Second,  and  Eighth  will  be  oonfiiderri] 
with  the  organs  o!  Special  sense. 

The  Illrd  Nerve  {Motor  Oculi). 

Origin, — The  third  nerve  arises  in  three  distinct  bands  of  fibreiMl 
the  gray  matter  surrounding  the  a^jueduct  of  Sylvius  near  the  Diiddll| 
line  ventral  io  the  canal     The  nnckm^  of  origin  consiatfi  of  large  mtttfrl 


n,c 


^^,^^nM 


o0l! 


FIe.  372,— Section  Uirou^h  juit^rfor  corptis  qufi<trf«v»miDmii  und  i«trl  of  optfto' 
Aqut*tlyct  of  SyUius;  sir. ,  i?ray  motl*r  of  W\v>   ihtiutiluut;   i\vj.»   ijucMlriir^?mm«i 
ali-uiuiii  IcmuLM:!;   u  ,  etrutuiu  D|»ticmn;    r,,  litrMuiii   cim^reuin;    Th,^  i>iUviaa,t«  of 
iiius:   r.j/.r, ,  €.Q,L^  L(iteral  and  mi^iaii   txiriwjra  jjirnk'ulata;    ftr.«.,  W.u^  »u|ieHar  J 
brticbia;/,,  fillet;  p.L,  p<j8U-rior  l«iti>,'Uu*Iiartl   byndle:  r,  r»pb6:  IIL^  Uiird  nerrfi,  ^- 
\\^  nucli'us;  i.p  p.^  fM^teHor  wrft>raUHl  Hpu^t':  *.«,,  siUlisUntiii  uii^ro,  »bove  tbU  istopli 
tuiji  i^ilh  th*^  cireyloT  uiva  of  tht-  red  nucleus;  cr.^  i^niHUi-  If.,  optic  tract;  3f.,  m*«l'd*»'T*' 
of  bemispliere ;  n,c,,  oucleua  caudatuij;  »{.,  ittrJA  termlnalm.     Okl\j^  QuAin,  from  %*J^ 

l>olar  ganglion -cells,  and  extends  to  the  back  part  of  the  third  toii^ 
a8  far  \^  the  level  of  tlic  anterior  corjjus  quadrigeminum.     The 
pass  from  their  origin  partly  through  the  red  nucleus  to  their  Bupei 
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in  ill  front  of  tho  ponSj  at  the  nie^Han  flide  of  each  cms.  They  de- 
■k  with  their  fellows  in  the  middle  raphe.  The  nerve  is  connecte<l 
1  the  optic  nerve. 

Function.— It  supplies  the  levator  palpebral  anperioris  muscle,  and 
jf  the  musclea  of  the  eyeball,  except  the  superior  oblique  to  whieli 


c     o    4 


Ig.  3(TX — DiAlin^uil  of  A  lonprltudinnl  R*K"tinn  through  thn  pnsfi,  lihowin^  fhn  rplatlon  ftt  the 
^1  for  thp  octilar  luuseles.  cy,  L-iirpo.-a  ijiiii(lrt^'i>niiDa ;  3,  thini  nervr-  v  "^  --irlmis;  4^ 
li  ueire ;    iv,   it»  nm^lt^iift,    th**'   i>*iHi**riiir   j^irt   <if   the  Ihlnl;  G,  «jxlh  H'  i-roli-thle 

iim  Df  t.b»?  ceiilra  and  niTvo    tlhivs  for  aceomnuKlrttion  is  shown  at  a  n:  U-i'  r<*t1t*3t 

n  of  irlH^  at  h,  and  f>' i  for  Ibe  t»jct**mal  ivt'ttis  mum:^!**,,  at  €■,  f '.  Thf  liun-*  iMiieiitli  the 
of  Ui&  fourth  ventriclo  indicate  fibr».*H,  which  eonocet  th*?  nuclei.     tOower«,> 

fonrtli  nerve  is  appropriated,  and  the  rectua  exterous  which  receives 
sixth  nerve.  Throu^^li  the  medium  of  the  o])hthalmic  or  lenticular 
flion,  of  which  it  forms  what  ii^  called  tlie  short  root»  it  also  supplier 
or  tilaments  to  the  iris  and  ciliary  muscle.  Tlie  fibres  wliieh  sub- 
e  the  three  functions,  accommodation,  contraction  of  the  pupil,  and 
^B-supp!y  to  the  external  ocular  muscles,  arise  from  three  distinct 
ips  of  cells* 

WThen  the  third  nerve  is  irritated  within  the  skull,  all  those  muBcles 
hieh  it  is  distributed  are  convulsed.  When  it  is  parahjzed  or  divided 
following  efTects  ensue: — (1)  the  upper  eyelid  can  be  no  longer 
fid  by  tlie  levator  palpebral,  but  droops  {ptmis)  and  remains  gently 
ed  over  the  eye,  under  the  unbalanced  influence  of  the  orbicularii* 
jebrarum,  wliich  is  supplied  by  the  facial  nerve:  {"l)  the  eye  is  turned 
ward  and  downward  (cxfernal  afrahiminH)  by  the  unbalanced  action 
the  rectus  externns  and  superior  oblique  to  which  the  sixth  nerve  is 
iropriated;  and  hence,  from  the  irregularity  of  the  axes  of  the  eyes, 
ble  sights  diplopia^  is  often  experienced  when  a  single  object  is  within 
r  of  both  the  eyes:  (3)  the  eye  rattnaf  he  moved  either  upward^  thw?i- 
*(/,  or  inward:  (4)  flw  pupil  hecmms  dilated  (mydriasis) :  (5)  the  eye 
not  accommodate  for  short  distances* 


mo 


The  IVth  Nerve  {Troehlearis). 


fffin. — ^The  IVth  nerve  arises  from  a  nucleus  consisting  of  large 
tipolar  ganglion  cells  situated  IjgIow,  t*.^".,  ventral  to  the  aqueductua 
Jylvius,  which  extends  from  the  back  part  of  the  nucleus  of  the 
fl  nerve  to  the  hind  level  of  the  posterior  corpus  quadricfcminuni* 
J^TGB  from  either  side  sweep  round   the  centnil  gray  matter,  and 
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reach  the  Talveof  YieaaBenii,  where  they  decnsBate  in  the  middk  lin 
and  appear  at  the  front  of  the  pons  at  the  lateral  edge  of  the  cm.  lb 


Fig.  94. -Fourth  ▼mtrlele  wtth  ttm 

romftD  mmiliera  indtote  ■nperflefag  origUis  of  Uworantal 
dioato  their  deep  orlgiBS,  or  tlw  iMMttioo  of  tteir  entnl  Boelei. 


oenm;   t.  funiculua  teree:  4,  B,  corDoraqDadrlgemliia;  cff,  eorpua  i 

culiM  cerebri ;  m,  e^  p^  middle  oerebeDar  pedonow;  «,  e,  p«  nperlor  oe  . 

loforUMT  cerebellar  peduncle;  I,  c,  locus  CBruleoa;  e,  (,  emlnentla  teres:  o.  c,  ala cinrrea;  Si^  j 
aooeeBory  nucleus;  o,  obex;  c,  clava;  /,  e,  funiculus  cuneatos;  /,  g,  funiculus  gracilis. 

nuclens  of  tho  fourth  nerve  on  either  side  is  connected  with  those  of  tk  \ 
third  and  sixth  nerves. 

Functions, — Tho  IVth  nerve  is  exclusively  motor,  and  supplies  only  j 
tho  troehlcaris  or  obliquus  superior  muscle  of  the  eyeball. 

The  Vth  Nerve  (Trigeminus). 

Origin. — The  Vth  or  Trigeminal  nerve  resembles,  as  already  statedi J 
tho  spinal  nerves,  in  that  its  branches  are  derived  through  two  roote;! 
namely,  the  larger  or  sensory^  in  connection  with  which  is  the  GasaeriiiJ 
ganglion,  and  the  smaller  or  fnotor  root  which  has  no  ganglion,  tfi| 
which  passes  under  the  ganglion  of  the  sensory  root  to  join  the  thii 
branch  or  division  which  ensues  from  it.     The  fibres  of  origin  of  i 
lifth  nerve  come  from  the  floor  of  the  fourth  ventricle.     The  motor  i 
to  the  inside  of  the  sensory,  about  the  middle  of  each  lateral  half. 
stMisory  fibres,  however,  can  he  traced  down  in  the  medulla  oblong«li|| 
far  as  the  upper  j^art  of  the  cord.      From  the  motor  nuclens 
stretolu»s  forwanl  :is  far  as  the  anterior  corpus  quadrigeminum  abtt 
of  lousr  tibri»s  termeil  the  desot^nding  root,  which  has  attached  toitspi 
splieroidul  nerviMvlk      It  is  aU^  connected  with  the  locus  caernb 
Tlie  sensory  nucleus  outside  the  motor  has  connected  with  it  a  trad 
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Srefl  from  the  cord  as  low  as  the  second  cervical  nerve,  and  this  forms 
tract  at  the  tip  of  the  posterior  cornu,  between  it  and  the  reatiforin 
Ody.  No  nerve  cells  are  connected  with  it.  The  roots  can  be  traced 
bJiquely  through  the  pons  Varolii,  beneath  the  floor  of  the  front  part 
t  the  fourth  ventricle.  The  motor  root  is  in  a  position  median  to 
fBtorj.  The  nerve  appears  at  the  ventral  surface  of  the  pons  near  its 
Pont  edge,  at  some  distance  from  the  middle  line. 

Function,— The  flrst  and  second  divisions  of  the  nerve,  which  arise 
boll  J  from  the  larger  root^  are  purely  sensory.  The  third  division 
ing  joined,  as  Iwfore  said,  hy  the  motor  root  of  the  nerve,  ia  of  course 
)th  motor  and  sensory, 

(a.)  Motor, — Through  branches  of  the  leaser  or  non-ganglionic  por- 
cm  of  the  fifth,  the  miLsrh.^  of  mtjJiticatio/i^  namely,  the  temporal,  mai- 
ler,  two  ])terygoid,  anterior  part  of  the  digastric,  and  mylohyoid, 
irive  their  motor  nei-ves.  Filaments  are  also  supplied  to  the  ienmr 
mpnni  and  trnsor  paJail,  The  motor  function  of  these  branches  is 
PDVed  by  the  violent  contraction  of  all  the  muscles  of  mastication  in 
peri  mental  irritation  of  the  third  or  ioferior  maxillary  division  of  the 
irve;  by  paralysis  of  the  same  muscles,  when  it  is  divided  or  disorgau- 


vm 


S7S, '-JSeotion  ncroas  the  pons,  about  IhR  middle  of  the  Tourth  T^'ntrCdte.  p%^  pjrftmldftt 
»asvers*»  flbn^H  ptim,H!T)^  jxij^  l>t4iiDrl,  iLnd  /wi,.  In  frmit  of  ptf.  ;  r. ,  raph^;  o,  *, ,  »u- 
r,,  liuD(U**«  ^if  (isenndiiii^^  r(M->t  of  ^^  m^rve  iD.elrKJit.'d  in  ajpl^doti^tioa  of  the  lub- 


lgi|jM>.,  tr»asvers*»  flbn^H  ptim,H!T)^  jxij^  l>t4iiDrl,  iind  /wi,.  In  front  of  pff.  ;  r. ,  raph^;  o,  *, ,  eu 
roure:  a.  t' ,  liuoiU****  ^if  (isenndiiii^^  r(M->t  of  ^^  m^rve  iD.elrKJit.'d  in  ajpl^doti^tioa  of  the  lub 


»  porticm.  n,  r//. ,  ita  nucleus t    r//f. ,  auditory  nerve,  nVItJ.,  lat^rflii  nucleus  of  ihe 
(After  QuainJ 


or  from  any  reason  deprived  of  power ;  and  hy  the  retention  of  the 
*  of  these  muscles,  when  all  those  supplied  hy  the  facial  nerve  lose 
>wer  through  paralysis  of  that  nerve.  The  last  instance  proves 
lat  though  the  buccinator  muscle  gives  passage  to,  and  receive? 
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Bomo  filaments  from,  a  buccal  branch  of  the  inferior  diTigion  of  tk 
nerve,  yet  it  derives  it^  motor  power  from  the  facial,  for  it  ispinija 
together  with  the  other  muscles  that  are  supplied  by  the  facial, 
retains  it*?  power  when  the  other  musclea  of  maatication  are  paraija 
Whether,  however,  the  branch  of  the  fifth  nerve  which  is  gnppli«d 
the  buccinator  muscle  ia  entirely  sensory,  or  in  part  motor  aUo,  mi 
remain  for  the  present  tloubtfuK     From  the  fact  that  this  niu.-^KV 
aides  its  other  functions,  acts  in  concert  or  harmony  with  the  mujsiibiif 


►^v 


ilr.  378.>-0€iiieml  plan  of  th€i  tiran^hes  of  the  fifth  pair.  !^— 1,  iMter  root  cC  t! 
palr;^  |rr«at«r  root  fwyssiiiij  forwnn!  inu*  tlif  Omweriuii  ^nti^Unti;  S,  pl«ic«<l  on  tbebflj 
fha  opbUuUiiiiile  tierv(\  whloh  iin  s#h'ii  iUviil(ni>  into  Ihi^  sii|ira-orhJtftl.  Ifti^hrnniil  *" 
bPUiCAM,  the  lalt*»r  eonnr«ot<Hl  with  tht%  fiplitlmlmie  iron^Linti;  4  ^  ■  "  ^  r*-^ 
for&nien  rKitumhiui,  mnj'k!^  the  suf^Tior  tiiAxillnry  divi,sion,  whu 
ffph(WO-pAlatiiit«  i;nri^llon,  ami  i>as.st'j«  forward  to  Itie  infra-orhital 

ovpr  the  fi^raiin'U  ovah».  iimrkH  th^*  itiferlor  niaxiltary  Tien'c,  givniu'  mh    rnt'  amrr»iii  ■■' 
wriil  aiii.Hciilur  lvrani-ht'«,  and  fontinii**d  by  the  infi-^rlor  denial  to  th*»  lower  j«w.  *'*'^  *'3[J'   - 
tiitory  to  the  tori^aio;  *i.  the  «4ulmiajLillary  trlaml.  the  subinaxinary  f^'an|:rlion  plM*l**JJI 
c<^nnii«ctkin  with  tli*^  iruAtJitory  nt^rve:  6,  the  ehunla  ti^Tiipani ;  7*  tlus  fAcUkl  iif(r»*b«UB|* 
tho  fit  J  lomostohl  foramen,     ct^ikrlt^a  B«n .  ) 

mastication,  in  keeping  the  food  between  the  teeth,  it  might  be  i 
posed  from  analogy,  that  it  would  have  a  motor  bran  eh  from  tlie  ( 
nerve  that  supplies  them,  There  can  Ik3  no  doubt,  however,  tb 
ao-called  buccal  branch  of  the  fifth  is,  in  the  main,  sensory;  altl 
it  is  not  quite  certain  that  it  does  not  give  a  few  motor  filamentat 
buccinator  muscle. 

(b,)  Sm^nf. — Through  the  branches  of  the  greater  or  | 
portion  of  the  fifth  nerve,  all  the  anterior  and  antero-lateral  parts  c 
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I  and  head,  with  tho  exception  of  the  ekfn  of  the  parotid  region 
ich  derives  branehes  from  the  eervical  spinal  nerves),  acquire  eom- 
i  sensibility;  and  among  these  parts  may  be  inchided  the  orijans  of 
lial  sense,  from  whieli  common  sensjitions  are  conveyed  tlirough  the 
I  nerve,  and  their  special  sensations  through  their  several  nerves  of 
ial  sense.  The  muscles,  also,  of  the  face  and  lower  jaw  acf|uire 
cular  sensibility,  through  the  filaments  of  the  ganglionic  portion  of 
fifth  nerve  distrihuted  to  them  with  their  proper  motor  nerves.  The 
ory  function  of  the  branches  of  the  greater  division  of  the  fifth  nerve 
roved,  by  all  the  usual  evidences,  such  as  their  distribution  in  parts 
,  are  sensitive  and  not  capable  of  muscular  contraction,  the  exceeding 
ibility  of  some  of  these  part^^  their  loss  of  sensiition  wdien  the  nerve 
iralyzed  or  divided,  the  pain  without  convulsions  produced  by  mor- 
or  experimental  irritation  of  tho  trunk  or  branolies  of  the  nerve, 
the  analogy  of  this  portion  of  the  fifth  to  the  posterior  root  of  the 
al  nerve. 

Other  Funciions. — ^In  relation  to  mvMuhtr  mmmnetiis^  the  branches 
he  greater  or  ganglionic  portion  of  the  llftli  nerve  exercise  a  maui- 
influence  on  the  movements  of  tlie  muscles  of  the  head  and  face 
other  parts  in  which  they  are  distributed.  They  do  so,  in  the  first 
e  (rt),  by  providing  the  muscles  themselves  with  that  sensibility 
lOut  which  the  mind,  being  uneonseioua  of  their  position  and  state, 
lot  voluntarily  exercise  them.  It  is,  probably,  for  conferring  this 
ibility  on  the  muscles,  that  tho  liranchcs  of  the  fifth  nerve  commu* 
te  so  frequently  with  those  of  the  facial  and  hypoglossal,  and  the 
00  of  the  muscles  of  the  eye;  and  it  is  because  of  the  loss  of  this 
BliMly  that  when  tho  fifth  nerve  is  divided,  aniuuils  are  always  slow 
mrlcward  in  the  movement  of  the  muscles  of  tho  face  and  head,  or 
tiifim  still,  or  guide  their  movements  by  the  sight  of  tho  objects 
trd  which  they  wish  to  move. 

h,)  Again,  the  fiftti  nerve  has  an  indirect  influence  on  the  muscolar 
emen ts,  by  conveying  sensations  of  tho  state  and  position  of  the  skin 
other  parts:  which  the  mind  perceiving,  is  enabled  to  determine 
•opriate  acts.  Thus,  when  the  fifth  nerve  or  its  infra-orbital  branch 
vided,  the  movement  of  the  lips  in  feeding  may  cease,  or  be  imper- 

c.)  An  intimate  connection  with  muscular  movements  thrnngh  the 

y  reflex  acts  of  muscles  of  which  it  is  the  necessary  excitant.     Ilence, 

a  it  is  divided  and  can  no  longer  convey  impressions  to  the  nervous 

res  to  be  thence  reflected,  tlic  irritation  of  the  conjunctiva  produces 

:;Io8uro  of  the  eye,  tho  mechanical  irritation  of  the  nose  excites  no 

zing. 

[d.)  Through  its  ciliary  branches  and  the  branch  which  forms  the 
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long  root  of  the  f  iHary  or  ophthalmic  ganglion,  it  exercises  also  some 
inlhieiieo  on  the  movements  of  the  iris.  When  the  trunk  of  Ibe  o[4i- 
thulmic  portion  ig  divided,  the  pupil  becomoti,  acoording  to  V:ilentiii, 
contracted  in  men  and  nibbits,  and  dilated  in  cats  and  dogs;  bat  in  all 
casi*s,  iHicomcs  immovable  oven  under  all  the  varieties  of  the  stimulus  of 
light.  How  the  fifth  nerve  thud  aftects  the  iris  is  nnexplained;  ii  hi 
been  ingcniausly  suggeeted  the  influence  of  the  fifth  nerve  on  themonf- 
meutfi  of  the  iris  may  be  ascriljed  to  the  affection  of  vision  in  eonsequeaa 
of  the  disturljcd  circulation  or  nutrition  in  the  retina,  when  the  m 
influence  of  the  fifth  nerve  is  disturbed.  In  such  distnrbanoe,  inc] 
circulation  making  the  retina  more  irritable  might  induce  extreme  coa- 
traction  of  the  iris. 

Trophic  infuence, — Tlie  morbid  efTects  which  division  of  the  fifth 
nerve  pnxlucea  in  the  organs  of  special  sense,  make  it  probable  thai,  in 
the  normid  state,  the  tifth  nerve  exercises  some  special  or  irophk  into- 
enoe  on  the  nutrition  of  all  these  organs;  although,  in  part,  the  idfeti 
of  the  section  of  the  nerve  is  only  indirectly  destructive  by  alKilishioi 
aenaation,  and  therefore  the  natural  safeguard  which  leads  t^  the  prt^ 
teetion  of  parts  from  external  iujnry.     Thus,  after  such  division,  witMi 
a  period  varying  from  twenty-fonr  hours  to  a  week,  the  cornea  hp^insto 
be  opaque;  then  it  grows  completely  white;  a  low  destructive  if 
tory  process  ensues  in  the  eonjunetiva,  scleroticMi,  and  interior 
the  eye;  and  within  one  or  a  few  weeks,  the  w^hole  eye  mav 
diaorganiKcd,  and  the  cornea  may  sloogh  or  bo  penetrated  byalaij^b 
ulcer.     The  sense  of  smell  (and  not  merely  that  of  mechanicjil  ir-+  *  "^ 
of  the  nose),  may  be  at  the  same  time  lost  or  gravely  impaired i 
the  hearing,  and  commonly,  wdienever  the  fifth  nerve  is  parul 
tongue  loses  the  sense  of  taste  iu  its  anterior  and  lateral  part^,  i-i. « 
cording  to  (lowers  in  the  posterior  part  ixs  welL 

In  rehiti'o/i  h  Taste. — The  loss  of  tactile  sensibility  as  well  as 
sense  of  taste,  is  no  doubt  due  {n)  to  the  Ungual  branch  of  the  fifth 
Wnng  a  nerve  of  tactile  sense,  and  also  because  with  it  runs  thechi 
tympanij  which  is  one  of  the  nerves  of  taste;  partly,  also,  it  is  doe 
to  the  fact  that  this  branch  supplies,  in  the  anterior  and  lateral  parti 
the  tongue,  a  necessary  condition  for  the  proper  nutrition  of  that 
while  (r)»  it  forms  also  one  chief  link  in   the  nervous  circle  for 
action,  in  the  secretion  of  saliva.     But,  deferring  this  question 
the  glosso-pharyngeal  nerve  is  to  be  considered,  it  may  be  oltserverf 
in  some  brief  time  after  complete  paralysis  nr  division  of  the  fifth  ui 
the  power  of  all  the  organs  of  the  special  senses  may  be  lost;  thej 
Jose  not  merely  their  sensilulity  to  common  impressions,  for  which 
all  depend  directly  on  tlie  fifth  nerve,  but  also  their  sensibility  to 
eeveral  peculiar  impressions  for  the  reception  and  conduction  of  whi 
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f  are  purposely  constructed  und  supplied  with  special  nerTea  besides 
pftb.  The  facts  observed  in  these  cases  can,  perhaps,  Im  only  ex* 
aed  by  tlie  iiifkieiice  wliieli  the  fifth  nerve  exercises  on  tlie  nutritive 
eases  in  the  organs  of  the  special  senses.  It  is  nut  unreasonable  to 
fve,  that,  in  paralysis  of  the  lifth  nerve^  their  tissues  nuiy  be  the 
(  of  such  changes  as  are  seen  in  the  laxity,  the  vasc^ular  congestion, 
ma,  and  other  affections  of  the  skin  of  the  face  and  other  tegu men- 
parts  which  also  accompany  the  paralysis;  and  that  these  changes, 
ih  may  api>ear  unimportant  when  they  affect  external  parts,  are 
pient  to  destroy  that  retinemeut  of  structure  by  which  the  organs  of 
mecial  senaas  are  adapted  to  their  functions, 

E 

Wt^n, — The  Vlth  nerve  arises  from  a  compact  oval  nucleus,  situ- 
somewhat  deeply  at  the  hack  part  of  the  pons  near  the  middle  of 
floor  of  the  fourth  ventricle.  The  emineutia  teres  marks  its  posi- 
,  It  contains  moderately  large  nerve-cells  witli  distinct  axis  eyliu- 
processes.  It  is  connected  (fig.  3?:i)  with  tlie  nuclei  of  the  third, 
fch,  and  seventh  nerves.  It  is  nearer  the  middle  line  tlian  the  nuclei 
be  fifth  and  seventh.  The  root  is  thin,  and  pjiases  ventral ly  and 
^y  through  the  reticular  formation,  to  the  surface,  which  it  reaches 
ie  hind  end  of  the  pons  opposite  the  front  end  of  anterior  pyramid. 
^ifidiotis. — ^The  sixth  nerve  is  exclusively  motor,  and  supplies  only 
fectns  externua  muscle  of  the  eye. 

fh©  rectus  externus  is  convulsed,  and  the  eye  is  turned  outward^ 
k  the  sixth  nervo  is  irritated;  and  the  muscle  is  paral3'i!eil  when  the 
fe  ifi  divided.     In  all  such  cases  of  paralysis,  the  eye  squints  inward, 
teannot  l>e  moved  outward, 
bi  its  course  through  the  cavernous  sinus,  the  sixth  nerve  forms 

E\t  communications  witli  the  sympathetic  nerve  than  any  other  nerve 
in  the  cavity  of  the  skull  does.  But  the  import  of  these  communi- 
ptifl  with  tlie  sympathetic,  and  the  subsequent  distribution  of  its 
iunts  after  joining  the  sixth  nerve,  are  quite  unknown. 

priffin. — The  facial,  or  porito  dura  of  the  seventh  pair  of  nerves, 
H  from  the  floor  of  the  central  part  of  the  fourth  ventricle  behind 
I  in  line  witli  the  motor  nucleus  of  the  fifth,  to  the  outside  of  and 
ter  down  tlian  the  nucleus  of  the  sixth.  The  nucleus  is  narrower  in 
k  than  liehind,  and  consists  of  large  ceils  with  well  marked  axis 
Oder- processes,  which  arc  gathered  up  at  the  dorsal  surface  of  the 
m  to  form  a  root.     The  root  describes  a  loop  round  the  nucleus  of 
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tho  Kixth  Tiervc,  miming  forwfirrl  for  some  little  diatancB  doiral  to 
niieleus,  ibon  <lem*ending  vertically,  passing  to  ontside  of  itsowunm 
between  it  and  the  ascending  root  of  the  tif  th  nerve.     It  emerges 
hinder  margin  of  the  pons  lateral  to  the  sixtli  nerve,  opposite  the 
edge  of  the  groove  between  the  olivary  and  rest i form  bodies.    It  tn«rh| 
ennneetetl  with  the  hypoglnssiil  nueleiis.     There  are  two  roots;  the 
and  smaller  ia  called  the  portio  intermedia* 

Funrtiofis^—lilw  seventh  nerve  is  the  motor  nerve  of  all  the 
of  the  face,  ineluding  the  platysnm,  but  not  including  any  of  tbo 
cles  of  mrustinatiou  already  enumerated;  it  snpplie^,  also,  the 
ghmd,  and  through  t!ie  connection  of  its  trunk  with  the  Vidian 
by  tho  petrosal  nerves,  some  of  the  nmscles  of  the  soft  palatts  prol 
the  levator  palati  and  azygm  tivnla?.     By  its  tympanic  branches  it 
plies  t!ie  stapedius  and  laxator  tympani ;  and  through  the  optic  gnaglioiij 
the  tensor  tympani;  through  tho  rhordn  hjmpani  it  sends  bnicrlits 
the  suhmaxilhiry  gland  and  to  the  lingiialis  and  some  other  mi 
fibres  of  the  tongue,  and  to  the  mucous  membrane  of  its  anterior 
thirds;  and  by  bran  eh  es  given  ofT  before  it  comes  npon  the  face,  it 
plies  the  nuiscles  of  tho  external  ear,  the  posterior  part  of  thedi] 
trieus,  an*l  the  stylo-byoideuB. 

Bi^^ide  its  mot^>r  inlluence,  the  facial  is  also,  by  means  of  the 
which  are  8ui>pliod  to  tho  submaxillary  and  parotid  ghuidi?,  a 
nerve.     For,  through  the  hist-named  bninches,  impressions  may  be 
veyed  wdiich  excite  increased  secretion  of  saliva. 

Par(dy»uH  of  Facia!  Nerve, — WTien  the  facial  nerve  is  divi<led,  or 
any  other  way  paralyzed,  tho  loss  of  power  in  the  musclea  which  it 
plioH^  while  jiroving  tlie  nature  and  extent  of  its  functions,  diisplats 
the  necessity  of  its  prfection  for  the  perfect  exercise  of  all  tlic 
of  the  special  sense-s*     Thus,  in  pandysis  of  the  facial  nerve,  tht* 
lariB  paipidirarum  being  {wworless,  the  eye  remains  open  thrnti|jl 
un!ialanL'cil  action  of  tho  levator  palpebra?;  and  the  conjunctlra, 
continually  exposed   to  the  air  and  the  contact  of  dust,  is  liable  to 
peated  inflammation,  which  may  end  in  thickening  and  opacity  of 
cornea.     Tlieso  changes,  however,  ensue  much  more  slowly  than 
which  follow  paralysis  of  the  fifth  nerve,  and  never  bear  the 
stnictive  character, 

Tlie  sense  of  hearings  also,  is  impaired  in  many  cases  of  pamJ; 
the  facial  nerve;  not  only  in  such  as  are  instances  of  simultaneous 
ease  in  the  auditory  nerves,  but  in  such  as  may  be  explained  by  tht 
of  power  in  the  muscles  of  the  internal  ear,     Tlie  sense  of  sunell  is 
monly  at  the  same  time  impairetl  through  the  inability  to  dmv 
briskly  toward  the  up|>er  part  of  the  nasal  cavities  in  which  prtrti^* 
the  olfactory  nerve  is  distributed;  because,  to  draw  the  air  per/tc^^J 
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loD,  the  action  vl  tlio  dilators  and  com  pressors  of  the  noa- 
f  should  bo  {wrfect. 
Luatly,  the  sen&a  of  tast€  ia  inipaired,  or  may  be  wliolly  lost  in  paral- 

of  the  faeiul  ntrve,  provided  the  source  of  the  purulysiM  he  in  some 
t  of  the  nerve  between  its  origin  and  the  giving  off  of  the  chorda  tym- 
i.  ThiB  result,  which  has  been  observed  in  many  instances  of  disease 
he  facial  nerve  in  man,  apjjears  explieubloon  the  supposition  that  the 
rda  tynipani  ia  the  nerve  of  taste  to  the  anterior  two-thirds  of  the 
nie,  its  fibres  being  distributed  with  the  so-called  gustatory  or  lingual 
|ch  of  the  fifth.  Sonic  look  upon  the  chorda  m  partly  or  entirely 
|e  up  of  fibres  from  the  fifth  nerve^  aud  not  strictly  speaking  as  a 
ich  of  the  facial;  othei's  consider  that  it  receives  its  taste  fibres  from 
municatious  with  the  glosso-pharyngeah 
Together  with  these  effects  of  paralysis  of  the  facial  nerve,  the  mus- 

of  the  face  being  all  powerless,  the  countenance  acquires  on  the 
Jjzed  side  a  characteristic,  vacant  look,  from  tlie  absence  of  all  ex- 
ftion :  the  angle  of  the  mouth  is  lower,  and  the  paralyzed  half  of  the 
,th  looks  longer  than  that  on  the  other  side;  the  eye  htm  an  immean- 
6tai*e.  All  these  petmliarities  increase,  the  longer  the  paralysis 
Ij  and  their  appearance  is  exaggerated  when  at  any  time  the  muscles 
he  opposite  side  of  the  face  are  made  active  in  any  expression,  or  in 
of  their  ordijiary  functions.  In  an  attempt  tu  blow  or  whistle,  one 
of  the  mouth  and  cheeks  acta  properly,  but  the  other  side  is  mo- 
less,  or  fla{)8  loosely  at  the  impulse  of  the  cx])ired  air;  so  in  trying 
Ick,  one  side  only  of  the  mouth  act«;  in  feeding*  the  lips  and  cheeks 
tiowerless,  and  on  account  of  paralysis  of  the  buccinator  muscle  food 
^between  the  cheek  and  gums. 


The  Vlllth  Nerve  {Auditory), 


Tirtyt'ii-*— The  Vlllth  nerve  arises  from  two  nuclei,  median  and  lai- 
I  in  the  floor  of  the  fonrth  ventricle,  in  the  anterior  part  of  the 
!  in  front  and  to  the  side  of  the  twelfth  nerve;  it  extends  from  the 
lie  line  to  the  outside  margin  of  the  ventricle.  There  is  also  au 
isorjf/  nucleus  situated  on  the  ventral  surface  of  the  restiform  body. 
nerve  leaves  the  surface  of  the  brain  from  the  ventral  surface  of  the 
•part  of  the  restiform  body  ot  tbe  hi  ml  margin  of  the  pons  in  two 
|.  One  winds  round  the  restiform  body  dorsid  to  it  and  the  other 
te  median  to  it.  The  former  is  called  the  dorsal  rooi.  The  latter 
lied  the  ventrai  root,  ifost  of  the  fibres  of  the  dorsal  root  (cochleur) 
in  cells  of  the  accessortj  nucleus,  but  fibres  emerging  from  this  nu- 
*  pass  inward  to  the  bulb,  superficially,  forming  the  drim  acmlicm 
or  of  the  fonrth  ventricle  and  end  in  the  median  nucleus.     Most 
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of  the  flbres  of  the  ventral  root  {vestibular)  end  in  cells  of  the  Utenl 
nucleus.  The  colk  of  the  mediaB  nucleus  are  gmall,  those  uf  the  btenl 
iiiickniB  large. 

J*tiH(iitfHit, — ^The  coehlear  branch  is  the  auditory  nerre  proptir,  md  I 
the  vegtibuhtr  is  distributed  to  the  semicircular  canals,  the  utriculeand{ 
saccule,  pai^ts  of  the  internal  ear  not  directly  concemod  with  hearing. 

The  IXth  Nerve  {(Jlmm-Pharyiigml). 

Orifjin. — The  glosso-i»liuryygi'iil  nurvos  (ix.,  fig.  *^*^^)t  ^^  tli 
ration  of  thu  cerebral  uerveis  by  nuinJx^rs  according  to  the]", 
which  they  leave  the  cnmium,  are  considered  as  divisions  of  the  t^^l 
pair  of  nerves^  the  vagus  and  «j>iiml  accessory  nerves  1->eing  incluiled  *itl  j 
them.     The  union  of  the  nuclei  is  indeed  so  intimate  that  it  will  be  si  j 
well  to  take  the  origins  of  the  ninth,  tenth,  and  eleventh  nerves  togctiiii 

These  three  iiervt'8  emerge  fruni   tlie  bulb  anil  spinal  cord  iu  ibif  I 
Duiuerieal  order  from  abuvc  downward,  the  imibar  porlion  from  thebkt'j 
eral  aspect  of  the  bulb  in  a  liue  between  the  olivary  and  restiform buditf; 
and  the  tipinal  jmrilun  frurn  a  liue  interntcdiate  between  the  anterior iwl 
posterior  nerve  routs  a«  far  down  as  the  sixth  or  seventh  cervical. 

The  combined  glosso- pharyngeal -accessory- vagus  nucleus  ap^a'Afi  to] 
cont?i8t  of  two  partii,  viz.,  one  median  or  common  origin,  having  k\^\ 
spicuous  nerve-cells  of  niotlcratc  size,  and  three  lateral  oriffifhs  ta^iHJ 
but  few  cells  of  small  size.     These  art^ — ^i.   the  nudeua  ambitjum,  wW 
lies  on  the  hiteral  side  of  the  reticular  formsition  and  is  the  oii- 
vagxts;  ii.  the /r/w(V'w/«.v  mlitariusy  situated   in  the  bulb,  veuh 
little  lateral   to  the  combined  nucleus,  is  also  called  the  ascending i 
of  the  glosflu-pbaryngeul  nerve  or  the  respiratory  bundle;  and  iii- 
spimi! porliun  which  takes  uri^nu  from  a  group  nf  celts  lyiug  in  tho« 
tremo  lateral  margin  of  the  anterior  cornu.     This  is  the  origin  rf  ' 
spinal  aecL'ssory ;  it  currespontls  to  the  aiitero-lutcral  nucleus  of 
and  the  latenil  part  of  tlie  gray  matk*r  of  the  spinal  cord. 

The  fibres  of  the  spinal  origin  of  the  nerve  pass  from  these ' 
tbrtHigh  the  lateral  column  to  the  surface  of  the  cord. 

The  libres  from  the  romhined  ntickusy  chii'tly  from  the  madiani 
pass  in  a  ventral  and  lateral  direction  through  the  reticular  foniiati(«ii] 
then  ventral  to  or  tlirough  the  gelatinous  substance  and  strand  of  lib 
connected  with  tlie  fifth  nerve,  to  the  surface  of  bulb. 

The  fibres  from  the  nucUus  ambitjuus  join  the  combined  nervej  1 
Gflpecially  the  vagus. 

The  bundles  of  Jibres  of  i\\^  faacicuhiB  solifarins  stuti  in  the! 
gray  matter  of  the  cervical  eord  and  higher  in  the  reticular  fon 
of  the  bulbj  run  longitudinally  forwui*d  to  pass  into  the  roots  of  thei 
nerve. 
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l  Nerm, — DiairibiUion, — Tlie  glosso-pluvrytigoal  nerve  gives  tila- 
hrough  its  tymjiatiie  Ijmuch  (Ju^ohaou's  n«.Tve),  to  tht*  fenestra 
id  fenestra  rotunikj  aiul  tliu  EuBhicliiao  tul>c,  purt^  of  Llie  mid- 

also,  to  the  carotid  plexus,  and   through  the  i^etrosjil  nerve,  to 
eno-pidatine  gimgliou.     After  eommuni eating,  either  within  or 

the  cranium,  with  llie  vtigus,  and  soon  after  it  leaves  the  t^ra- 
■ith  the  Bjmpathetie,  digusfcric  branch  of  the  facial,  and  the 
f  nerve,  the  glosso* pharyngeal  nerve  parts  into  the  two  principal 
3  indieated  by  its  name,  and  supplies  the  mncouB  membrane  of 
^rior  and  lateral  walk  of  the  npper  part  of  the  pharynx,  the 
ian  tulie,  the  arches  of  tlie  palate,  the  tonsils  and  their  nnicona 
ne,  and  the  tongue  as  far  forward  tin  the  foramen  ctecum  in  the 
ine,  and  to  near  the  tip  at  the  sides  and  inferior  part, 
?lions. — The  glosso-pharyugeal  nerve  contains  some  motor  fibres, 

with  those  of  common  sensation  and  the  sense  of  taste, 
lotor  fibres  arc  distributed  to   the  palato-pharyngeus,  the  stylo- 
eufi,  palatO'glossuB,  and  constrictors  of  the  pliarynx. 
ensory  tibres  in  the  parts  whieh   it  supplies,  ami  a  centripetal 
irougli  which  impressions  are  conveyed  to  l:>e  reflected  to  the  ad- 
lusclcs, 

ilnes  for  tlie  special  neuve  of  taste  {from  its  fibres  derived  from 
,  (lowers),  in  all  the  parts  of  the  tongue  and  pahite  to  whieh  it  is 
bed.  After  many  discussions,  the  fpiestion,  Whieh  is  the  nerve 
' — the  chorda  tympani,  the  gustatory,  or  the  glosso-pharyiigeal? 
e  moat  probably  answered  by  stating  that  they  are  not  them- 
;rictly  speaJiing,  nerves  of  this  special  function,  hut  through 
nnection  witli  the  lifth  nerve.  For  very  nimjcroua  experiments 
8  have  shown  that  when  the  trunk  of  the  fifth  nerve  is  paralyzed 
ed,  the  sense  of  taste  is  eomidetely  lost  in  the  superior  surface 
iterior  and  lateral  parts  of  the  tongue^  at  tlie  baek  of  the  tongue, 
the  soft  palate  and  palatine  urehes-  The  loss  is  instantaneous 
ision  of  the  nerve,  and,  therefore,  cannot  be  ascriljed  wholly  to 
ptive  nutrition  of  the  part,  though  to  this,  perhaps,  may  bo 
khe  more  complete  and  general  loss  of  the  sense  of  taste  when 
e  of  the  fifth  nerve  has  been  paralyzed. 


X       The  Xth  Nerve  ( Vaf/us  or  p7teumogmiri€) , 

origin  of  the  Vagus  nerve  is,  as  we  liave  just  seen»  situated  in 
\T  half  of  the  calamus  acriptorius  in  the  ala  cinerea  (fig.  374). 
ms  is  said  to  represent  the  cells  of  Clarke's  (posterior  vesicular) 
of  the  spinal  cord*  In  origin  it  is  closely  eonneetcd  with  the 
leveuth,  and  the  twelfth.      The  combined  glosso*pharjngeal- 
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Tago-acoesBory  naclei  lie  outdde  of,  dose  to,  and  parallel  witb  the  nucleui 
of  tlie  twdftli. 

Distrilnition. — It  supplies  seiifiorj  branches,  which  acofitnpttnj  ik 
gyiiipathetic  on  the  middle  lueiiiiigeul  artery^  and  others  wbieli  siippij 
tho  hack  part  of  the  meiitus  and  the  adjoining  part  of  the  external  car. 
It  is  connected  with  the  petrous  ganglion  of  the  gloaso-pharyngeal,  br 
meauB  of  lihres  to  its  jugular  ganglion;  with  the  spinal  aooeBBory  thidi 
Bupplies  it  with  its  motor  iihres  for  the  larger  and  upper  portion  ut  the 
a*8ojihagU8^  and  with  ita  inhibitory  fibres  for  the  heart;  also  with  the 
twelfth;  with  tlic  superior  cervical  ganglion  of  the  sympathetic;  and 
with  the  cervical  plexus.  It  has,  of  all  the  nerves,  the  most  varied  dis- 
tribution and  functions,  either  through  its  own  filaments,  or  tbrougli 
those  which,  derived  from  other  nerves,  are  mingled  in  \tM  bmncltti 
Tlio  partfcj  supplied  by  the  branches  of  the  vagus  are  as  follows:^ 

(L)  By  \\&  pharyntjml  branches,  which  enter  the  pharyngeal  plenut 
a  large  portion  of  the  mucous  membrane,  and,  probably,  all  the  miidfli 
of  the  pharynx. 

{t.)  By  the  mtperior  laryngeal  nerye,  the  mucous  membrane  uf  tb^ 
under  surface  of  the  e^dglottis,  the  glottis,  and  the  greater  part  of  tlia 
larynx,  and  tht?  crico* thyroid  niuBcle.  | 

(3.)  By  the  inferior  Ifirt/wfml  nenw^  the  mucous  membrane  and  mui-  j 
cular  fibres  of  the  trachea,  the  lower  part  of  the  pharynx  and  liirpiir 
and  all  the  nmsclea  of  the  larynx  except  tho  crico-thyroid.  It  aloo^op* 
plies  the  first  segment  of  the  u'sophagus. 

(4.)  By  its  oBsophiiiJcal  branches,  the  mucous  membrane  and  muBCultf 
coats  of  the  (esophagus. 

(5.)  Through  the  cardiac  nerves^  moreover,  the  branches  of  the 
form  a  large  portion  of  the  supply  of  nerves  to  the  heart  and  the 
arteries. 

(6.)  Through  the  anterior  and  the  posterior  pulmonary  plexus^  to 
lungs. 

{?,)  Tlirough  \X& gastric  branches  to  the  stomach;  and  to  the  int»] 
tines,  and  kidneys,  by  its  terminal  branches. 

(8.)  Through  its  hepatic  and  splenic  branches,  the  liver  and  the 
are  partly  supx^lied  with  nerves. 


Fufwfions, — Throughout  ita  whole  course,  the  vagus  contains 
sensory  and  motor  fibres.  To  summarize  the  many  functions  uf  j 
nerve,  which  have  been  for  the  most  part  considered  in  the  pr 
chapters,  it  may  be  said  that  it  supplier  (1)  motor  influence 
pharynx  and  (esophagus,  stomach  and  intestines,  to  the  larynx, 
bronchi,  and  hmg;  (*^)  sensory  and,  in  part,  (3)  Taso-motorinflu 
to  the  same  r^ions;  (4)  inhibitory  influence  to  the  heart;  (5) 


n^.r 


Fig,  378. 


Hr.— The  diKlilbutloo  of  the  tenth  or  vrifriiB  tienre.  Va,R„  Vg,L.,  RJffhi  and  left  vaul  i  r, 
Wf  Om?  njcit  anri  <t>rmt^  (Ujims  wttli  SjA.  syiutnilliflk^  Mup<?dnr  cen  Irfti  )jf(injffMon  ;  u.Hl,  fj^lomty- 
^mJ;  ^'tfr,^  sipliial  aiN-eswary  in^rvt^:  m,  iiicnlnKfHl  t>r»nc]3 ;  vltif\,  auriculjii  hruiieb  ;  f,  i^nuliiio 
rank  ttiicl  <^inri*H'ilMTw  witli  Hu^,  bypoifloswii  m-n't';  f  1.  r'2,  loip  Itniwi^ii  itn'  (irsttwo  onrviriii 
I  Sy.^  syniimilu'iir :  .l^cbplutU  miTmory  mrvt*:  f/i..  jthnrynjcwil  braiirii;  J  h,  I'l„  plmryutffiii 
:  iJ.X*.,  sitfu'riMr  lanngwril  uene ;  /.L.,  Intt^rniil  iHrytisrt'ul  bninch  ;  K.I»„  exti^riisit  laryiiitPftX 
;  /.C  iutHmal,  and  E.*\,  ^xlemal  carmid  urt*TJt^  .  (Vi.  L  tsuiierlor  cervieai  cttrUlnr  br»n«h; 
nlertorceniml  raitJJur  Vtranrh  :  /i^.L.,  nw-urrent  Jaryiigful  nerve;  Ca.  a»  curdjat'  hmnchwi  of 
nt  laryn«?eul  nervf;  la.  4,  thorotlc  ^Hnlltiv  bmnch  (liirhi  vinrusli ;  A,P.Pl.  anterior,  und 
b,  pcwterlor  imlnionnrv  plt-xnspH;  tu^PJ.,  u-j*t»phHj^oal  r>l«-^xn»:  (imt.H.  &tid  Gant^L..  KMtilo 
EBof  vaffu^  <hifhiiio«I  li'tu ;  t"tir,Pl..  c*ill»if  p]i\\usj  Ihp.PL,  Uermtlc  plexus;  SpLM.*  Bi>lenJo 
!  HrnTrl.,  Tvunl  ph'Mii,.  (t^nnnlnphJiTn.> 
:  37^.— Th*' ron-*niuthin  nf  th*'  ninltwr  )!i1(\xus.    S>a  Cvrvlrn]  synipatbftk  cnml ;  C.  1,  «!ipi^rlnr, 

'•''^ '1  r.  a,  irifi^rSnr  (frvli'a]  (MiTii?lhi:  (ni\  U  jsin»erlor.  f'f»r.  2.  middle^  nnd  Oir.  3,  (nferttjr 

viT>(»:ith*'ttr  linini'hv.H  ;  Tur.  vutnii; nerv«» i  1^,/^.,  tVf'inTf'iit  ltirynir<^ttl  n^-n'*' :  »,  suiifrlor. 
I  vioal  r«nltH<' hnmrh****  of  vEi4fnH;   DJ'.P..  dppp  noxliiic  plexiLt*  SJ\F.t  »uperfln*liil 
^^ ,  ^IJMJ„  ftnit'rior  pnlmofittrvph'XiiJi:  P.PJ\.  p<i*^U?rlor  pnlmunftry  plexus  ;  R.  Citr.  P^ 
tVir.  P.^  Inft  Ltjrunttry  i^lextkHen;  «4rf.Pw/.,  pulmonorT  aitery.     (CUDtilnglxam.) 
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tory  afferent  impnlses  to  the  vaso-motor  centre ;  (6)  exdto-secretory 
to  the  salivary  glands;  (?)  excito-motor  in  coughing,  vomiting,  ek. 

Effect,^  (if  Section. — ^Diviaiou  of  both  vagi*  or  of  both  their  rei?Bmii8 
branches,  is  often  very  quickly  fatal  in  young  animals;  bat  iuoldam- 
mals  the  iiivision  of  the  recurrent  nerve  is  not  generally,  and  ibitrf 
both  the  vagi  is  not  always,  fatal,  and,  when  it  is  so,  death  ensues  sioilf. 
This  difference  is,  that  the  yielding  of  the  cartilages  of  the  lirTMift" 
young  animula  permits  the  glottis  to  be  closed  by  the  atmosphem:  jn» 
sure  in  inspiriition,  imd  so  they  are  quickly  suffocated  unless  tracheotaiBJ" 
be  performed*  In  old  animale,  the  rigidity  and  prominence  of  thcirjV^ 
enoid  cartilage.^  prevent  the  glottis  from  being  completely  closed  by 
atmospheric  pressure;  even  when  all  the  muscles  are  paralyzed, » 
tion  at  its  posterior  part  remains  open,  and  through  this  theaniail 
oontinues  to  breathe* 

In  the  case  of  slower  death,  after  division  of  both  the  vagi,  the 
are  commonly  found  gorged  with  blood,  cedematous,  or  nearlt 
from  a  kind  of  low  pneumonia,  and  the  bronchial  tubes  full  of  1 
bloody  fluid  and  mucus,  to  which,  in  general,  the  death  may  be  <u 
These  changes  are  due,  in  part,  to  the  passage  of  food  and  of  the 
secretions  of  the  mouth  and  fauces  through  the  glottis,  which, 
deprived  of  its  sensibility,  is  no  longer  stimulated  or  closed  in 
quence  of  their  contact. 


TLe  Xlth  Nerve  {Spinal  Accessory)^ 

Origin  and  Conneefiifm. — The  nervo  arises  by  two  distinct  orig 
one  from  a  ceotre  in  the  Ooor  of  the  fourth  yentricle,  partly  bat( 
in  the  medulla,  and  connected  with  the  glosao-pharyngeal-vagns-nti 
the  other,  from  the  outer  side  of  the  anterior  comu  of  the  spinal  < 
as  low  down  as  the  fifth  or  sixth  cervical  nerve*     The  fibres  froB 
two  origins  come  together  at  the  jugular  foramen,  but  separate ! 
into  two  branches,  the  inner  of  which,  arising  from  the  medttlKj 
the  vagus,  to  which  it  supplies  its  motor  fibres,  consisting  of  smifli 
dullated  or  visceral   nerve-fibres,  while  the  outer  consisting  of 
medullatcfl  fibres,  supplies  the  trapezius  and  sterno-mastoid  mt 
The  Bmall-fibred  branch  is  said  to  arise  from  a  nucleus  correspondiujl 
the  posterior  vesicular  column  of  Clarke, 

The  principal  branch  of  the  accessory  nerve,  its  external  1 
then  supplies  the  sterno-mtistoid  and  trapezius  muscles;  and, 
pain  is  produced  by  irritating  it,  is  composed  almost  exdusiwlf  1 
motor  fibres.     The  internal  branch  of  the  accessory  nerve  supplies ch 
viscero-motor  filaments  to  the  vagus.     The  muscles  of  the  laryuit 
which,  as  already  stated,  are  supplied,  apparently,  by  branches  (rfl 
vagus,  are  said  to  derive  their  motor  nerves  from  the  acceasorrj' 
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fh  is  a  very  significant  fact)  Vrolik  atatea  that  in  the  chimpanzee 
iternal  branch  of  the  acceasory  does  not  join  the  vagus  at  all,  but 
Jirect  to  the  larjnx, 

mong  the  roatd  of  the  accessory  nerve,  the  lower  or  external,  arie- 
rom  the  spinal  cord,  appears  to  be  compoBecl  exclusively  of  motor 
,  and  to  be  destined  entirely  to  tho  trapezias  and  extending  from 
uck  of  tho  fourth  ventricio  to  the  level  of  the  olivary  bodies  close 
5  middle  line,  inside  the  combined  nucleoa  of  the  ninth,  tenth,  and 
ith  neryes. 

The  Xllth  Nenre  {Ilifjjoglossal}. 

Kin  and  Connections. —The  nerve  arises  from  a  large-celled  and 
g  nucleus  in  the  bulb,  extending  from  tho  back  of  the  fourth 
icle  to  the  level  of  the  olivary  bodies  close  to  the  middle  line,  inside 
^mbined  nucleus  of  the  ninth,  tenth,  and  eleventh  nerves.  Fibres 
this  nucleus  run  from  the  ventral  surface  through  the  reticular 
fction  in  a  series  of  bundles  passing  between  the  olivary  nucleus  lat- 
and  the  anterior  pyramid  ami  accessory  olive  medially,  to  gain 
arface.  The  nerve  emerges  from  a  groove  between  the  anterior 
!iid  and  olivary  body.  The  fibres  of  origin  are  continuous  with 
iterior  roots  of  the  spinal  nerves.  It  is  connected  with  the  vagus, 
aperior  cervical  ganglion  of  the  sympathetic  and  with  the  upper 
;al  nerves. 

U(  rib  it  (ion, — This  nerve  is  the  motor  nerve  to  the  muaeles  con- 
1  with  the  hyoid  bone,  including  those  of  the  tongue.  It  Bopplies 
gh  its  descending  branch  {(kscendeus  noni)^  the  sterno-hyoid, 
(-thyroid,  and  omo-hyoid;  through  a  special  branch,  the  thyro- 
,,Bnd  througii  its  lingual  branches,  the  genio* hyoid,  stylo-glossiis, 
Ppas,  and  genio-hyo-glosaus  and  linguales. 

\fwtiotis. — The  function  of  tho  hypoglossal  is  exclusively  motor, 
QOtor  nerve,  its  infiuence  on  all  the  muscles  enumerated  above  is 
liy  their  convulsions  when  it  is  irritated,  and  by  their  loss  of 
when  it  is  paralyzed.  The  effects  of  the  paralysis  of  one  hypo- 
nerve  are,  however,  not  very  striking.  Often,  in  cases  of  hemi- 
involving  the  functions  of  the  hypoglossal  nerve,  it  is  not  possible 
srve  any  deviation  in  the  direction  of  the  protruded  tongue;  prob- 
icaase  the  tongue  is  so  compact  and  firm  that  the  muscles  on  either 
heir  insertion  being  nearly  parallel  to  the  median  line,  can  push 
ight  forward  or  turn  it  for  some  distance  toward  either  side. 

^P  The  Pons  Varolii. 

B   pons  Varolii  is  generally  spoken  of  as  a  great  commissure  of 
of  fibres  which  connect  the  two  halves  of  the  cerebellum  and  of 
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fibres  wbiob  coDneot  tbe  bulb  and  spinal  oord  with  the  npper  part  ol&ij 
brain.     Altbougb  tbia  is  troe  it  must  not  be  foq;ottcn  tbattiM] 
contains  several  masses  of  gray  matter,  and  also  in  addition  i 
lections  of  nerre-oells.     It  is  found  that  on  section  the  foUowing  ] 
may  be  made  ont  in  its  stmotare,  beginning  from  the  anterior  or  ^ 
tral  surface. 

(a. )  Transverse  or  commissural  fibres  connecting  the  one  side  d  I 
cerebellum  with  the  other,  forming  the  middle  pedunde.    Thmbl 
emerge  from  the  lateral  parts  of  the  white  substance  of  the  ] 
having  come  from  the  superficial  gray  matter  of  the  whole  sorfiMM^  1 
the  median  vermis,  and  from  the  lateral  hemispheres.    Somecf  I 
fibres  are  truly  commissural  and  probably  connect  the  same 
the  Bur&ces  of  the  two  halves;  some  end  in  the  gray  matter  ot  tki 
side  of  the  pons  on  the  ventral  surface,  and  others  cross  to  the  4 
side  of  the  pons  and  then  become  longitudinal,  passing  on  to  ttei 
fMniumj  a  system  of  fibres  and  gray  matter  to  be  immediately  i 

(b,)  Fibres  longitudinal  in  direction  which  are  arranged  in  lugt^ 
smaller  bundles  separated  by  gray  matter;  some  of  these  fibres ini 
are  called  the  pyramidal  fibres,  which  pass  down  to  the  anterior  | 
mids  of  the  bulb. 

{c.)  The  dorsal  portion  of  the  pons  is  made  up  to  a  considersUei 
tent  of  the  reticular  formation  of  the  tegmental  region  togetiieri 
one  or  twodistinct  bundles  of  longitudinal  fibres:  (i.),  the  chief, sitn 
toward  the  junction  of  the  ventral  two  thirds  with  the  dorsal  third, i 
the filkl^  which  consists  of  two  portions,  outer  and  median;  and  (ii.^ 
second,  a  bundle  of  similar  fibres,  posterior  longitudinal  bundles,  Ibe 
ated  between  the  two  divisions  of  the  fillet  below  the  lateral  aodtot 
outer  side  of  the  median. 

{d.)  In  the  fore  part  of  the  pons,  a  mass  of  gray  matter  coBti 
pigment,  the  locus  cceruleus^  possibly  forming  the  origin  of  the  fifth  i 
and  in  the  back  part  a  second  mass  of  gray  matter,  the  superior  iiit^  i 


The  Crura  Cerebri. 

The  crura  cerebri  (in,  fig.  363)  diverge  from  the  anterior  ( 
the  pons  Varolii  and  pass  upward  on  either  side  toward  the 
hemispheres.  At  their  anterior  termination  each  of  them  app 
have  upon  its  dorsal  surface,  to  the  inner  and  outer  sides 
two  large  masses  of  gray  matter  which  have  been  already  spoken  oU^ 
the  optic  thalamus  and  the  corpus  striatum.  These  bodies  are  note 
as  it  were  placed  upon  thefprface  of  each  cms,  but  are  also  deeply < 
bedded  in  its  substance. 

The  cms  is  found  to  be  made  up  of  two  principal  parts: — 
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{a.)  The  one,  the  iegmenium^  Bituated  for  the  most  part  on  the  dorsal 
Bt,  is  composed  chiefly  of  gray  matter  and  some  longitudinal  fibres, 
iind  (J,)  the  other,  the  crusla.,  situated  toward  tbe  other  surface^  is 
aposed  almost  entirely  of  loDgitudiiml  fibres.     It  is  known  also  as  the 
Separating  theae  two  parts,  is  a  mass  of  gray  matter  of  the  shape 
,  lens,  called  the  loau  or  jincleits  niger  or  subsianiia  nigra, 
iThe  tegmentum  situated  dorsally  ends  for  the  most  part  in  the 
Drhood  of  the  optic  thalamna  and  the  parts  beneath.     In  conse- 
tof  this  the  fibres  of  the  pe^  are  allowed  to  come  dorsally  and  to 
between  the  optic  thalamus  and  the  more  posterior  part  (the 
ticular  nucleus)  of  the  corpus  striatum,  on  their  course  to  the  cere- 
cortex.     When  in  this  situation  they  form  a  compact  mass  of  fibres. 
I  they  pass  more  dorsally  the  fibres  spread  out  in  the  form  of  a  fan, 
this  arrangement  is  called  the  corona  radiaia.     The  fibres  of  the  pea 
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'.  371*,— Diairram  of  the  iiiot«>r  tract  oa  shown  In  a  diajin^mnyitKc  hortzontal  wetloii 
the  oeri?bral  h<MnlKpbert?«,  Crura,  Pon!*^  and  MedluUa.  Fr, ,  Frontal  liibc;  Oc.,octvipi.tttl 
AF- ,  iwoeniliiiff  fruntaK  AP. ,  atkM'^ndin^  jwiriotAl  eoD volutions;  l^CF. ,  pre-eontral  fljsaure, 
nt  •f  thi'  ai*ct-iidhiE  frontal  canvolutioci;  FH. ,  llssure  Df  Holaudo;  IFF.,  ititf r  pariftaJ  lla- 
•  if  cryg  is  letteredl  on  the  left  wide.  SX. ,  Bubstantia  uijfra;  Py-,  |)yrami*ial  motor 
the  riitht  l«  Rhoirn  as  continuous  line's  converiBfinjjr  to  p^iss  thToi^jrli  tlie  posterior 
jaUPTTial  capsule  (the  km^s  or  ulbow  of  which  iM  Hhowti  thus*)  upward  iuto  the 
UeDf  and  downward  through  the  pons  to  croaa  the  medulla  in  the  anterior  pyramiids, 
> 


)mnd  to  stretch  not  only  between  the  optic  thalamus  and  the  len- 
niicleus,  but  also  more  anteriorly  between  the  former  and  the 
ate  nucleus  of  the  corpus  striatum  which,  as  we  have  seen,  is  to  be 
ia  the  floor  of  the  lateral  ventricle.  The  fibres  of  the  pes  thus 
Id  out,  have  the  form  of  a  fan  bent  upon  itself  as  they  rise  to  pass 
the  cerebral  hemisphere.  This  constitutes  the  iuternal  eapsnle^  and 
portion  of  it  which  forms  the  angle  at  which  the  fibres  are  l>ent  is 
d  the  genu  of  the  capsule,  that  in  front  of  it  being  the  front  limb,  and 
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that  behind,  the  liiud  limb.      The  tibres  coustitiUuig  the  int 
siile  lire  iljBtributed  to  different  districla  of  the  cerebral  cort. 
are  made  up  of  Hbres  not  only  eouatitutmg  the  pyramidal  eyetenti  but 
alao  of  others  which  end  in  the  masses  of  gray  matter  in  the  pousorcnij 
itself;  but  the  function  of  till  of  the  fibres  is  Wievcd  to  be  lo  carry  is 
pulaea  downward  from  the  cerebrum  either  to  the  spinal  cord  imdsotti 
the  crania!  nerves,  or  to  the  cerebellum. 

The  tegmentum  of  either  sidei  on  the  other  hand,  is  eupposed  to ki| 
concerned,  for  the  most  part  at  any  rate,  with  afferent  impulsei  Iti 
made  up  to  a  very  considerable  extent  of  collections  of  gray  mittet, 
most  important  of  which  are  {^f)  the  locus  or  nucleus  niger^  sej 
the  pefi  and  tegmentum;  {h)  the  nucleus  ruber ^  which  is  a  roonded 
situated  more  toward  the  aqueduct  of  Sylvius;  this  ertends from 
third  ventricle  to  the  anterior  corpus  quadrigeminum.  The  locus; 
extends  back  as  far  as  the  posterior  corpus  quadrigeminum.  (c)  A 
mass  of  gray  matter  is  situated  beneath  the  optic  thalamus,  andisl 
corpus  subthalamic tnn,  l\»steriorly  the  tegmentum  is  made  up 
of  the  reticular  material  so  often  spoken  of,  and  in  the  pons 
almost  entirely  of  that  kind  of  structure,  but  with  the  two  additic 
masess  of  gray  matter  already  indicated,  viz,,  the  locus  ccprolens 
superior  olive. 

It  will  be  as  well  here  to  indicate  briefly  the  other  collections  ol 
matter  in  the  neigh borliood  uf  the  crura,  viz.,  the  corpus  striata, 
.thalami,  corpora  quadrigemina,   corpora  geniculata,  and  the 
dentata  of  the  ct^ rebel lum. 

Corpora  Striata. — The  corpora  striata  are  situated  in  front 
the  outside  of  the  optic  thahimi,  partly  within  and  partly  withoot 
lateral  ventricle. 

Each  corpus  striatum  consists  of  two  parts: — 

(a,)  An  intraventricular  portion  {can date  nucleus)  which  iscoaioall 
shape,  with  the  base  of  the  cone  forward;  it  consists  of  gray 
with  white  substance  in  its  centre,  (b.)  An  extraventricalar 
{lenticular  nuckus)^  which  is  separated  from  the  other  portion  bj  a  I 
of  white  material,  which  forms  a  portion  of  the  internal  capsnle/ 
anterior  limb.  The  lenticular  nucleus  is  seen,  on  a  horizontal  sectiofll 
the  hemisphere,  to  consist  of  three  parts  (the  two  internal  calbi. 
paUidus^  nmjor  and  mi}ior\  and  the  outer  called  the  putamen),  se^n 
from  one  another  by  white  matter,  of  which  the  smallest  of  the 
inside.  Each  part  somewhat  resembles  a  wedge  in  shape.  The 
and  internal  surface  is  in  relation  with  the  caudate  nucleus,  beinfj 
rated  from  it  by  the  anterior  limb  of  the  internal  capsule.  The 
der  of  the  internal  surface  is  in  relation  to  the  optic  thalamus, 
separated  from  it  by  the  posterior  limb  of  the  internal  capsule, 
horizontal  section  is  wider  in  the  centre  than  at  the  ends.     Od  tl 


i 


THE    NERVOUS   SYSTEM.  631 

lamina  (olaustnun)  separated  by  a  tliiii  white  layer — 
-from  tho  lenticular  nucleus. 
[The  cells  of  the  corpora  striata  are  evenly  distributed,  and  not 
ped  ill  nuclei.  Their  neuriixous  pass,  for  the  most  part,  into  the 
rnnl  capsnle.  The  corpora  striata  are  connected  with  the  cerebellum 
ugh  tliese  fibres.  It  is  doubtful  if  these  ganglia  have  any  anatomical 
tious  with  the  cortex  of  the  brain. 

[Optic  Thalanii*--The  optic  thalami  are  oval  in  shape,  and  rest 
>n  the  inner  and  dorsal  surfaces  of  tlie  crura  cerebri.  The  upper  sur- 
B  of  each  thalamus  is  free,  and  of  white  substance;  it  projects  into 
;  lateral  ventricle.  The  posterior  surface  is  alao  white.  The  inner 
»8  of  the  two  optic  thalanii  form  the  onter  borders  of  the  third 
itricle,  are  in  partial  contact,  and  are  composed  of  gray  material  un- 
bred by  white  and  are,  as  a  rule,  connected  together  by  a  transverae 
tion. 

The  optic  thalamus  is  composed  of  several  collections  of  gray  matter^ 
[Ding  somewhat  indistinctly  deiined  masses  separated  by  white  fibres* 
^  masses  of  gray  matter  are  known  as  the  nuclei  of  iheilitthtmnSj 
;  they  are  six  in  number.  They  are  called  the  anterior  tubercle,  the 
lian  nucleus,  the  lateral  nucleus,  tho  ventral  nucleus,  the  pulvinar, 
1  the  posterior  nucleus.  Tho  anterior  tubercle  is  composed  of  large 
ke-eells  whose  neuraxons  pass  down  to  the  corpora  mam  miliaria  at  the 
&  of  the  brain.  There  they  meet  the  tibres  of  the  fornix  which  con- 
this  tnhercle  of  the  thalanios  with  the  hippocampal  convolution, 
^  median  nucltns  is  connected  by  its  neuraxona  with  the  cortex  of  the 
Kud  of  Eeil  and  the  second  and  third  convolutions.  The  lateral  nu- 
Is  is  quite  large  and  lies  against  the  internal  capsule,  into  which  it 
is  fibres.  It  is  connected  with  the  central  convolutions.  The  ven- 
nucleus  lies  beneath  the  preceding;  it  is  small  in  size.  It  is  con- 
fced  with  the  cortex  of  the  frontal  lobe  and  with  the  operculum,  the 
^ral  convolutions,  and  the  aypramarginal  gyrus.  The  fifth  nucleus^ 
Irn  SLB  th^  pulvijinr^  forms  the  posterior  tip  of  the  thalamus,  and  is 
Elected  with  the  o|)tic  tract.  The  poaterior  nucleus,  lying  just  below 
l^alvinar,  is  a  small  mass  and  is  connected  with  the  cortex  of  the  in- 
>r  parietal  convolution.  The  cells  of  the  optic  thalamus  are  thus 
to  be  connected  with  a  large  area  of  the  cerebrsil  cortex.  They  are 
connected  with  the  sensory j  and  probably,  to  some  extent,  with  the 
%T  tracts  coming  from  below. 

^ox^ora  Quadrigemina. — There  are  two  on  each  side,  anterior 
jposterior;  they  form  prominences  on  the  dorsal  surf  ace  of  the  pons 
crura  above  the  aqueduct  of  Sylvius.  They  are  composed  of  alter- 
lavers  of  white  and  gray  matter.  The  posterior  bodies  receive 
from  the  eighth  nerve  and  the  sensory  tract,  known  as  the 
They  send  fibres  out  to  the  temporal  region  of  the  brain.  They 
iloaelj  a^ociated  with  the  lateral  corpora  geniculata.     The  anterior 
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corpora  quadrigemiiia  are  coniiected  by  fibres  with  the  optic  nerr*  tod 
also  the  fillet,  and  send  fibres  to  the  occipital  cortex  of  the  brais.  Tbejr 
are  closely  tiasociated  with  the  niediuu  corpora  geuiculata. 

Corpora  Geniculata. — These  are  two  on  either  side,  lateral  cf 
outer  and  median  or  inner;  the  former  ia  developed  irom  the  ford-bniB, 
the  latter  from  the  mid-brain*  The  hiteral  corpus  gen ico latum  is  at  til 
Bide  of  the  crns  and  appears  to  be  a  swelling  on  the  lateral  (!ir!?i(^r}(^ 
the  optio  tract.  Similarly  the  median  appears  to  be  the  term 
the  median  division  of  the  optic  tract,  Ihey  both  contain  grav  u..v  v* 
(fig.  372). 

Corpora  Dentata  are  jtlicated  areas  of  gray  matter  in  the  interior 
pf  the  cerebellum,  ntit  nnlike  the  oliviiry  body  of  the  bulb.  Thefibwi 
from  each  pass  chiefly  to  the  superior  peduncle  of  its  own  side. 

The  Cerebrum*— For  convenience  of  description,  the  surface 
the  brain  has  been  divided  into  Jive  lobes  (Gratiolet). 
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1.  Frmital   (fig.   380),  limited  behind  by   the    fissure  of  EoI&d* 
(centnii  fissure),  and  boneath  by  the  fissure  of  Sylvius.     Its  surface ( 
sists  of  three  main  convolutions,  which  are  approximately  horizoiit 
direction,  and  are  broken  up  into  nnmerous  secondary  gyri.    Thejl 
termed  the  superior,  middle,  and  inferior  frontal  convolotione.    In  I 
dition,  tho  frontal  lobe  contains,   at  its  posterior  part,  a  coDVolnli 
which  runs  upward  almost  vertically  {asccmUnfj  frontal)^  and  is  booo 
in  front  by  a  fissure  termed  tho  pnecentral,  behind  by  that  of  'Rdt 

2  Parktut  This  lobe  ia  bounded  in  front  by  tho  fi^eufl 
Eolando,  behind  by  tho  external  perpendicular  fissure  (|iarieto-occip 
and  below  by  the  figsure  of  Sylvius.  Behind  the  fissure  of  Kolau 
tho  ascending  parietal  convolution,  which  swells  out  at  its  niip^re 
into  what  is  termed  the  superior  parietal  lobule.  The  superior] 
lobule  ia  separated  from  the  inferior  parietal  lubule  by  the  intrtt-ptfi 
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.  The  inferior  parietal  lobule  (pli  courbe)  is  situated  at  the  poB* 
arcl  iipper  end  of  the  fissure  of  SjItiub;  it  couaists  of   (a)   an 

or  part  (^stipra-marffitial  convoluimn)  which  hooks  rouud  the  end 
fissure  of  Sylviug,  and  jolus  the  superior  temporal  couvolutioni 
posterior  part  (b)   (augular  gyrus)  which  hooks  round  iuto  the 

e  temporal  convolution. 
Temporal  contains  three   weH-marked   convolutions,   parallel    to 

>tber»  termed  the  superior,  middle,  and  inferior  temporal.     The 

or  aud  middle  are  separated  by  the  parallel  flfisure, 
OccipUaL      This  lobe   lies   behind   the  external    perpendicular 
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Fiff.  3»L—Tbe  cerebmin,  from  above.    (After  EberntAller. ) 

leto-occipitiU  fissure,  and  contains  three  convolutions,  termed  the 
or,  middle»  and  inferior  occipitaU  They  are  often  not  well  marked. 
n,  the  external  parieto-occipitul  fissure  is  only  to  be  distinguished 
>tch  in  the  inner  ed^e  of  the  hemisphere;  below  this  it  is  quite 
•ated  by  the  four  anneetant  gyri  (pi is  de  passage)  which  run  nearly 
ntally.  The  upper  two  connect  the  parietal,  and  the  lower  two 
mporal  with  the  occipital  lobe. 

Central  lobe^  or  island  of  Ileil,  which  contains  a  number  of  radiat- 
OTolotions  (gyri  operti). 

e  fig.  382  shows  the  following  t/ffri  and  sulci: — 
trits /ornicatus^  a  long  curved  convolution,  parallel  to  and  curving 
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round  tbo  eorpua  callosum,  and  swelling  out  at  ite  hinder  and  upper  I 
into  tli€  quadrate  lobule  (priecuneui*),   which  is  eontinuoua  with  I 
superior  parietal  lobnle  on  the  external  surface.     Marginal  t^ntd^ 
runs  paraUel  to  the  preceding,  and  occupies  the  apace  between  \\i 
the  edge  of  the  longitudinal  fissure.     The  two  convolutions  are s^p 
by  the  calloeo- marginal  fissure.     The  internal  perpefidicuhir  fissure  is  »dl] 
marked,  and  runa  downward  to  its  junction  with  the  caJeari, 
the  wedge-shaped  masd  intervening  between  theee  two  is  tti 
euneus.     The  ealcarine  fissure  corresponds  to  the  projectioa  into  the; 
terior  cornu  of  the  lateral  ventricle,  termed  ihe  Hippocampm  mim. 
The  temporal  hhe  on  its  internal  aspect  is  seen  to  end  in  a  hcK)k  (a 
nate  gyrus).     The  notch    round  which  it  curves  is  coDtinued  np[ 
back  as  the  dentate  or  hippocampal  sulcus:  this  fissure  onderlicil 


1%;  an— Riffbt  bemlapbere,  from  wlUtla*    C After  SboEitaUer J 

projection  of  the  hippocampus  major  within  the  brain.     Then 
internal  tempora-occipital  convolutions,  of  which  the  superior  u;^- 
rior  ones  are  usually  well  marked,  the  middle  one  generally  lessio. 

The  collat*^raI   fiissure  (corresponding  to  the  eminentia  coUjit 
forms  tho  lower  boundary  of  the  superior  temporo-occipital  eoarotati 

All  the  above  details  will  be  found  indicated  in  the  diagrams  ( 
381,  m2), 

*Siruciur0,—ThQ  cerebrum  is  constructed  like  the  other  chirf  *| 
visions  of  the  cerebro-spinal  system,  of  grai/  and  tchiie  matter;  mi  A 
in  the  case  of  the  Cerebellum  (and  unlike  the  spinal  cord  and  meiM 
oblongata)  the  gray  matter  (i-orfex)  is  external,  and  forms  a  capfifllK 
covering  for  tlie  white  &ul>8tance.     For  the  evident  purpose  of  incn 
its  amount  without  undue  occupation  of  space,  the  gray  matter isi 
ously  infolded  so  as  to  form  the  cerebral  conwluiiom* 
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The  cortical  gray  matter  of  tho  cerebral  cortex  has  an  average 
ickiaess  of  about -J  inch  (3  min.),  beiug  thin  in  tho  occipital  lobe,  -j^ 
h  (2  rom.)^  and  thick  iu  the  pre -central,  J  inch  (4  nnn.).     The  cells 

which  the  Biibstance  is  composed  are  of  dlffereut  kinds:  (a)  The 
ical  process  is  very  long  and  reaches  up  often  nearly  to  the  surface, 
gives  off  lateral  branches,  and  is  studded  along  its  coarse  with  little 
ejections  called  gemmules,  Tliia  process  is  a  protoplasmic  process  or 
ndrite;  the  cell  has  other  dendrites  given  off  from  the  angles  of  the 
dy  of  the  cell.  It  always  lias  an  axis-cylinder  process  or  neuraxon 
lich  passes  off  usually  from  about  the  niitklle  of  the  base.  There  are. 
Bides  these  large  pyramidal  cells,  others  practically  of  the  same  shape 
»d  fit  rue  to  re  but  smaller.     They  are  the  small  pyramidal  cells, 

(fj)  In  the  superficial  layer  of  the  cortex  there  is  a  peculiar  type  of 
|],  first  described  by  Cajah  Most  of  theso  bodies  are  fusiform  in  shape, 
Ith  the  long  a.xis  parallel  to  tlio  surface  of  the  convolution.  Thty  give 
f  usually  two  neuraxona  which  run  along  parallel  to  the  surface  and 
pd  down  numerous  fine  collaterals  at  right  angles.  Another  form  of 
ijal  cell  J  triangular  or  quadrangular  in  shape,  is  also  seen.  Both 
nua  have,  as  a  rule,  roore  than  one  neuraxon.  Their  collaterals  pass 
a  horizontal  direction^  forming  a  fine  band  of  fibreSj  known  as  tan* 
hiial  fibres. 

(r)  A  third  typo  of  cell  is  the  fusiform  or pohfmorplwus.  Some  of 
esG  are  strictly  fusiform  in  shape  and  lie  with  their  axis  jmrallel  to  the 
tface  of  the  convolution.  They  give  off  protoplasmic  processes  which 
E8  down  toward  the  white  matter,  some  of  them  turning  to  run  in  a 
rizontal  direction.  The  fusiform  and  polymorphous  cells  are  grouped 
the  same  layer,  and  are,  therefore,  described  together, 

{fij   Besides  these  cells  we  find  scattered  through  the  cortex  a  consid- 
ihle  number  of  the  neuroglia-cells.     The  character  and  position  of 
ftee  are  shown  in  fig.  383. 
[  The  general  arrangement  of  the  layers  of  the  cortex  is  described  very 

Eerently  by  different  authors,  and  it  diHers  in  different  parts  of  the 
in.  The  simplest  and  most  representative  type,  however  of  the  ar- 
Igement  is  that  in  which  the  cortex  is  divided  into  four  layers.  The 
Sermost,  or  superficial,  known  as  the  molecular  layer,  contains  re!a» 
Dly  few  cells.  It  is  composed  of  nauTOglia  tissue,  embedded  in  which 
f  a  number  of  cells  of  the  Cajal  type,  which  have  just  been  described. 
ere  are  also  in  this  layer  many  neuroglia-cells.  In  the  superficial  part 
Ihe  layer  of  some  areas  of  the  cortex  are  many  tangential  fibres.  The 
Dnd  layer  is  composed  of  small  pyramidal  cells.  In  parts  of  the  brain 
ire  are  hers  interposed  what  are  known  as  the  vertical  fusifonn  cells. 
fe  third  layer  is  composed  of  large  pyramidal  cells,  in  which,  however, 
\  sees  many  small  pyramids  also.  The  fourth  layer  is  composed  of  the 
iform  and  polymorphous  cells,  and  beneath  this  is  the  white  sub- 
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fitance.  This  arrangetnait  is  ebowa  in  tho  accomimDjiiig  figa 
and  384),  The  gray  matter  of  the  brain  contains,  howeTer, ; 
these  layera  and  cellsj  but  nn  inHDitely  ridi  mass  cf  fibres,  wbic 
shown  by  Tarioua  etaina  to  have  a  certain  definite  arratigeniant*^ 
of  the  fibres  &m  tor  ti  ail  in  direct  ion,  passing  directly  up  ta  thi 
snperficial  layara  of  m\h ;  others  baie  a  borizon  tal  direction,  di 


FIgjc  38S.^Tlia  prtoclpAl  ctvaiitttiieDt  el^nieBts  of  th&  rta^  eortloAl  lAf  er  of  tii£' 
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the  gray  matter  into  diflerent  layers.  These  layers  of  fibre* 
cei?ed  different  names.  They  vary  iomesrhat  in  accordaBoe  Titt 
area  of  the  cor to%  examined.  A  typical  arrangement  id  sb<ma  it 
385.     The  most  conipictioua  are  certain  large  triangular  orpjrai 


Fig,  385, 


i-^Schematic  d£ii|rram  of  ttie  dlflerpnt  In  vers  of  the  cerebral  cortei. 
jTbe  lAQgeatUt  flhrw,  VJeq  dWaty  r*s  ribbuu,,  J 
llubiUuioe  are  Btaio^J  ml ;  if,  luolMciitur  kiyt^ 
Ifcrcre  pynmiida!  eeOs 
*€clieinatle    " 


(After  Kamon  y 
„  BailJiirp^^r  8  internal  ami  external  si  Ha;, 
ytir;  pi^u,  lajer  of  small  pjraiuld&l  cislla; 

. ,  Fin,  biyer  ut  iH^lyoiorplirtuH  cellt^ 

diagram  showing  tht*  arrafj^ifiiiient  of  the  nerre  fibres  Iti  the  cerebral 
0oited  lines  separate  ttie  four  celtular  layers  of  Cojal.   8b,  white  subaUuioe. 
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cells,  granular  or  fibrillatcHl,  with  large  and  distinct  nnclei,  antngej 
with  their  apices  toward  the  surface. 

Chemiml  Cvtnjioisition, — The  chemistry  of  nerves  and  nerve-celk Im 
been  chiefly  studied  in  the  brain  and  spinal  cord.  Xerve  matter  can* 
tains  seTeral  albuminous  and  fatty  bodies  (eerebrin,  lecitbhiy  and  lomi 
others),  also  fat  matter  which  can  be  extracted  by  ether  (including  dw^- 
leateriu)  and  various  salts,  especially  Potassium  and  MagneBium  phoi- 
phates,  which  exist  in  larger  quantity  than  those  of  Sodium  and  Cdcionu 

Arrangement  of  fhe  parts  of  the  cerebrum,— The  great  relative  aiiJ 
absolute  size  of  the  Cerebral  hemispheres  in  the  adult  man,  masketoi 
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Ft^.  888.— Diagrammatic  borlxontAl  sectioD  of  a  Tertebrate  braliL  The  fl^. 
.  and  the  next  diamm.  Mh,  mid-t^rtdn :  whnt  lies  in  fronl  of  thU  is  lii 
lies  behind,  the  hind-brAin;  Lf,  lamiaa  termiDnlis;  (^>f/,  olfactory  lobes;  // 
TK,  K,  thaltttui-iicf  phnlon ;  Pth,  |iln«al  RlaDd:  />.  pituitary  body :  F.M,  torat; 
corpus  stiiatujii :  fh,  optk' thalftmus;  CC,  crura  cerebri :  tn©  mass  lyin^  abo^ 
reaenU  the  corix^ra  ciuAilriKP^iiina;  Cfe»  cerebellum:  J— IX,  the  nine  paini  of  cr 
olfactory  veatricle;  ^,  Interal  ventricle;  3,  third  Teotrlcle;  4,  fourtb  ventricle; 
od  quartum  ventHculum.    (Hitxiey.> 


great  extent  the  real  arrangement  of  the  several  parts  of  the  brain,  wnica  ^ 
is  illustrated  in  the  two  accompanying  diagrams  (figi,  38G,  387). 
From  these  it  i§  apparent  that  the  parts  of  the  brain  are  diff 
A  linear  series,  as  follows  (from  before  backward) :  olfactory  lobes,  i 
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hemispheres,  optic  tlmlami,  and  third  ventricle,  corpora  qiiadri- 
liina,  or  optic  lobes,  cerebellum, medolla  oblongata. 

This  linear  arraogement  of  parts  actually  occurs  in  the  human  fa^tus; 
1  it  is  permanent  in  some  of  the  lower  Vertebrata,  cjj,^  Fislies,  in 

eh  the  cerebral  hemispherea  are  represented  by  a  pair  of  ganglia 

rvening  between  the  olfactory  and  the  optic  lobes,  and  considerably 
ler  than  the  latter.  In  Amphibia  the  cerebral  lobes  are  fnrthei 
oped,  and  are  larger  than  any  of  the  other  ganglia. 

In  reptiles  and  birds  the  cerebral  ganglia  attain  a  still  further  devel- 
blent,  and  in  mammalia  the  cerebral  hemispheres  exceed  in  weight 

the  rest  of  the  brain.  As  we  ascend  the  scale,  the  relative  size  of  the 
lebrum  increases,  till  in  the  higher  apes  and  man  the  hemispheres, 
jich  commenced  as  two  little  lateral  buds  from  the  anterior  cerebral 
tide,  have  grown  upward  and  backward,  completely  covering  in  and 
(ing  from  view  all  the  rest  of  the  brain.     At  the  same  time  the  smooth 


*%,  387.— LoBfTitudlmi]  and  Tertieal  dia^a^&mmatlc  Bectlon  of  a  TertebniCe  braio.     Lefetef* 
^cft.    LwiiiOA  terminftlU  Is  repreBeott^  by  the  strong  bljick  Uoe  Joinliig  Fn  and  Py, 

face  of  the  brain,  in  many  lower  mammalia,  such  as  the  rabbit,  is 
by  the  labyrinth  of  convolutions  of  the  human  brain, 

'eight  of  tbc  Brain, — The  brain  (jf  an  adult  man  weiglis  from  48  to  50  oz. — 

^l»ut  ii  Ihat,  (about  155D  grmg.)-     It  exceetla  in  absolute  weight  that  of  all  the 

fer  animals  except  the  elephant  and  whale.     Its  weight,  retatifety  to  that  of 

hodif,  is  only   exceeded  by  that  of  a  few  sinidl  hinls,  and  some  of  the 

iler  monkeys.     In  the  adult  man  it  rangt'S  from  ^jr^^  of  the  body  weight 

i^ftiiations.     Age. — In  a  new-bom  child  the  brain  (weighing  10  to  14  oz.)  is 

'^  the  body  weight.     At  tlie  age  of  7  years*  the  weight  of  the  brain  already 

E^gtes  40  oz.,  and  about  14  years  the  brain  not  infrequently   reaches  the 

Mlt  of  48  oz.     Beyond  the  age  of  forty  years  the  w-eight  slowly  but  stemlily 

ines  at  the  rate  of  about  1  oz,  in  10  years. 

tex, — The  average  weight  of  the  female  brain  is  less  than  the  male ;  and  this 
l^noe  persists  froru  birth  throughout  life.  In  the  adult  it  amounts  to 
It  5  oz.  Thus  Ihe  average  weight  of  an  adult  woman's  brain  is  about  44  oz. 
^itellujence. — The  brains  of  idiotss  are  generally  much  below  the  average, 
weighing  less  than  16  oz.  Still  the  facts  at  present  collected  do  not  war- 
more  than  a  very  general  statement,  to  which  there  are  numerous  excep- 
tlmt  the  brain  weight  corres(X)nrl3  to  some  extent  with  the  degree  of 
Igenoe.     There  can  he  little  rloubt  that  the  eomplemty  and   fiepth  of  the 
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eon  volution  9,  which  indicate  the  area  of  the  gray  matter  of  tlie  cortex,  com* 
»pond  with  tlie  degree  of  lutelHg-enoe. 

Weight  of  the  Sjyinal  Corrf.— The  spinal  cord  of  man  weighs  from  I— IJfc 
its  weight  relatively  t<>  the  braiu  is  about  1:36,     As  we  deioeiid  tlie 
thia  ratio  coiLstantly  iucreajses  till  in  the  niousie  it   id    1 :  4,     In  cold 
aniniala   the  re hition  is   r^vei-sed,  the  spinal  cord  is  the  header  aod  the  i 
imp<jrUint  iji>;an.     lu  the  nt'wt,  2:1;    and  in  the  lamprey,  ,75:  1. 

Distinctive  Characters  of  the  Human  Brain. — The  following  characters 
tinguiah   th4i  birtin  of  man  and  apex  from  tfimte  of  all  other  animalt.    (a.) 
rudimentary  condition  of  the  olfactory  lobes.     (6.)  A  perfectly  deined  fii 
of  Sylvius,      (c. )  A  iKisterior  lobe  completely  covering   the  oerebeUum. 
The  presence  of  p^ieterior  comua  in  the  lateral  ventricles. 

The  taoRt  distinctive  points  in  the  hutmiabrtiin,  as  contrasted  with  thittf 
a|>e8p  are: — (1.)  Tlie  much  greater  size  and  weight  of  the  whole  hraitt,  Ik 
brain  of  a  full-gTOwn  gorilla  weighis  only  about  15  oz,  (4*50  grms.),  which  k 
leas  than  |  the  weight  of  the  human  adult  male  brain,  and  barely  exceeds 
of  the  human  infant  at  birth.  (2.)  The  mucli  greater  complexity  of  tlie 
TolutionSi  especially  the  existence  in  the  human  brain  of  tertiary  oou 


ndfotilar  III 
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IfJ^  8n.^BraIii  of  the  Oranp,  J^  nftturnl  sla**^  shm^  _     ^_  „  _ 

ndiotilar  fl«ir»:  (l|f>.  < 
—  ,    -     -  *      -        - ,    -    -,-.,.-  t^tftta.     AsoooCmiMi 

huumn  hrain,  the  froutal  M>t?  Is  short  and  smmU  rt'laLHcIv,  Oie  flssure  of  SyWu***" 
the  tt^mporo  «|ihi?Goitlal  loljts  very  proinlneut,  and  the  external  perptfodicular  fisMTP »" 
iiijirki?d,     (GmUolet.) 

in  the  sides  of  the  fissures.     (3.)  Tlie  greater  relative  size  and  complexity,  i 
the   bhiuted   fjuadmngular   contour  of  the  frontal    lobes  in   man,  vW<^ 
relatively  botii  broader,  longer,  and   hight^r,  thau  in  ajies.     In  apesthi*! 
lolM^a  project  keel-like  (roetrutn)   between   the  olfactory  bulbs,      (i.)  Tbt  j 
greater  prominence  of  the  temjioro- sphenoidal   lobes  in  apes.      (5.)  T^  ' 
of  Sylvius  is  nearly  horizontal  in  man,  wliile  in  apes  it  slaDls  consid 
ward.     (6.)  Tlie   distinctness  of   ihe  external  perpendicular  fissure,  vh*^ 
apes  is  a  well-defined  altnoet   vertical    "slash*"  while    in  man    it  i« 
obscured  by  the  adjiicent  gy rl. 

Most  of  the  above  points  are  shown  in  the  accompanying  figure  of  tl*^ 
of  the  Orang. 
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bral  cortex  responded  to  electric  irritation.  They  employed  aweakcoD' 
stftnt  current  in  tlieir  experiments,  applying  a  pair  of  fine  electrode* ndt 
more  than  ^j  in.  apart  to  different  ptirts  of  the  cerebral  cortei.  Tie 
resulta  thos  obtained  have  been  confirmed  and  extended  by  Ferrieruid 
many  others,  chiefiy  witli  induction  currents. 

The  fundamental  phenomena  observed  in  all  these  cases  may  be  tiliu 
epitomized: — 

(1)«  Excitation  of  the  same  spot  is  always  followed  by  the  smfi 
movement  in  the  same  animal.  (2).  The  area  of  excitabilitj  for  aut 
given  movement  is  extremely  small,  and  admits  of  very  aocnrate  dftfim- 
tion.  (3).  l!i  different  animals  excitations  of  anatomically  corregpondii| 
spots  produce  similar  or  corresponding  results* 

The  various  definite  movements  resulting  from  the  electric  stimulation 
of  circumscribed  areas  of  the  cerebral  cortex,  are  enumerated  in  tlied** 
Bcription  of  the  accompanying  figures  of  the  dog  and  monkey's  braiiL 

In  tlie  case  of  the  dog,  the  results  obtained  are  summed  upisid' 
lows,  by  Hitzig: — 

(a.)  One  portion  (anterior)  of    the  convexity  of  the  eerei 
motor;  Hiiothcr  portion  (posterior)  is  non-motor,     (if.)  Electric 
lation  of  the  motor  portion  produces  co-ordinated  mnsenlar  ooni 
on  the  opposite  side  of  the  body,     (c.)  With  very  weak  currcDts,  ftf 
contractions  produced  are  distinctly  limited  tc^  particnlar  grosps  of 
muscles;  with  stronger  currents  the  stimulus  is  communicaterl  tnotbff 
muscles  of  the  same  or  neighboring  parts,     (d.)  The  porti'  : 
brain  intervening  between  these  motor  centres  are  inexci table  U 
means. 

Following  strong  stimulation  of  cortical  motor  centres,  aften 
tractious  of  the  muscles  involved  occur.  Other  groups  of  muscles  1 
those  innervated  by  the  centres  stimulated  may  also  take  part  m 
contractions.  Other  irritaiions  of  the  cortex,  such  as  the  mechanic 
irritation  produced  by  a  spicule  of  bone  will  cause  spasmodic  contractioilJ 
of  the  muscles  which  may  be  limited  to  the  group  corresponding  to  tlij 
cortical  area  irritated,  or  first  starting  with  these  muscles  may  inU'l^ 
possibly,  all  the  muscles  of  tlie  trunk  and  limbs.  Such  after •cootnie«| 
tions  of  muacles,  following  irritation  of  cortical  areas,  are  known • 
epilepsy,  and  that  form  involving  groups  of  nuiBcles  in  a  certar 
Jacksonlan  epilepsy  (after  Hughlings  Jackson,  who  first  dea^r; 
type). 

Motor iai  area  of  the  Monleif'.s  Brain,— According  to  the  obserritJ 
of  Ferrier,  confirmed  aud  extended  by  later  experimenters,  stimuli 
of  various  parts  of  the  monkoy^a  brain,  as  indicated  by  the  numberi'ij 
figs.  391,  392,  produces  movements  of  definite  muscles,  thus:— 

Stimulation  of  the  district  marked    1,   causes  movement  ol 


k)ot;  of  2,  chiefly  adductiou  of  the  foot;  of  3,  movementfl  of  hind  foot 
Uid  tail;  of  4,  of  latissimua  dorsi;  of  5^  extension  forward  of  arm;  w, 
►,  c,  d,  movements  of  band  aud  wrist;  of  6,  Bupination  and  flexion  of 
Sorearm;  of  7,  elevation  of  the  upper  lip;  of  8,  conjoint  action  of  eleva- 
lion  of  upper  lip  and  depresaion  of  lower;  of  9,  opening  of  mouth  and 
Jrotrnsion  of  tongue;  of  10,  retraction  of  tongne;  of  11,  action  of 
alafcysma;  of  12,  elevation  of  ejebrowg  and  eyelids,  dilatation  of  pupils, 
ind  turning  head  to  opposite  aide;  of  13,  eyes  directed  to  opposite  side 
tad  upward,  with  usually  contraction  of  the  pupils;  of  13',  similar 
jction,  hot  eyes  usually  directed  downward;  of  li,  retraction  of  oppo- 
se ear,  head  turns  to  the  opposite  side,  the  eyes  widely  opened,  and 
pils  dilated;  of  lii,  stimulation  of  this  region,  which  corresponds  to 


Fig.  301.  Fig,  :»2. 

mil  SBB^^DiAgnunB  of  mcmkesr's  brftin  to  show  the  effects  of  electric  BtlmulAtlon  of  cer- 
tain BpotA,    (Accord  tng^  Co  Ferrier.) 

of  the  uncinate  convolation,  causes  torsion  of  the  lip  and  nostril 
e  same  aide. 
It  is  thus  seen  that  the  motor  areas  chiefly  correspond  with  the 
©nding  frontal  and  ascending  parietal  convolutions,  and  that  the 
Vements  of  the  leg  are  represented  at  the  upper  part  of  these  con- 
Utions,  then  follow  from  above  downwartl  the  centres  for  tlie  anilSi 
face,  the  lips,  and  the  tongue, 

rding  to  the  further  researches  of  SiOiiiferand  Ilorsley,  electrical 

latiou  of  the  marginal  couvulution  internally  at  the  parts  corrc- 

diog  with  the  ascending  frontal  and   parietul  convolutions,   from 
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before  backward,  produces  moyements  of  the  arm,  of  tlie  trunk,  »ad 
of  tliLt  leg:. 

A  good  deal  of  doubt  was  thrown  upon  the  experiments  of  FeTTW 
by  Goltss  and  other  observers,  from  the  results  of  excising  the  £IK«IU 
motor  areas  of  the  dog's  brain.  It  was  found  that  the  part  might  h 
Blioed  away  or  washed  away  with  a  stream  of  water,  bat  that  no  persi- 
nent  paralysis  ensued. 

More  extensive  observationa  however,  have  confirmed  Ferrier'sorigiMl 
Btateraent,  at  any  rate  with  regard  to  the  monkey's  brain.  Destruction 
of  the  motor  areas  for  the  arm  produces  at  any  rate  some  permanent 
paralysis  of  the  arm  of  the  opposite  side,  and  similarly  of  thui  fortii 
leg,  paralysis  of  the  opposite  log.  If  both  areas  are  destroyed  permwient 
hemiplegia  ensues^     Paralysis  of  so  extensive  and  permanent  charicter 


Flf .  aBB.w.Tlie  Ooittcal  Outre*.     cBana.) 

not,  however,  appear  the  rule  when  the  brain  of  a  dog  i«  i*'| 
instead  of  that  of  the  monkey.  It  is  suggested  that  in  the  animal  lo^^j 
in  the  scale,  the  functions  which  in  the  monkey  are  discharged  by  t^ j 
cortical  centres  mm  be  subserved  by  the  basal  ganglia. 

Motorial  Areas  qf  (he  Human  Brain, — It  is  naturally  of  great  imp  " 
tance  to  discover  how  far  the  results  of  experiments  upon  the  dog  iJ- J 
monkey  hold  good  with  regard  to  the  human  brain.     Evidence  fumtfiW  |. 
by  diseased  conditions  is  not  wanting  to  support  the  general  ide«rf ^' 
existence  of  cortical  motorial  centres  in  the  human  brain  (fig.  393)* 

So  far>  however,  it  has  been  possible  to  localize  motor  fanctioW'  | 
the  frontal  «ud  ascending  piirietal  convolutions  only,  to  the  codtoIhM^* j 
which  hound  the  tissuro  of  Rolando,  and  to  those  on  the  inner  side  <^J 


le  hemisplieres  which  correspond  thereto,  and  possibly  to  the  frontal 
lobe  in  front  of  the  ascending  convolution. 

I'  The  position  of  the  centres  is  probubl}'  much  the  same  as  in  the  mon- 
ptey's  brain— those  for  tlie  leg  above,  those  for  the  arm,  face,  lips,  and 
longue  from  above  downward.  Destruction  of  these  parts  causes  pa- 
palpis,  corresponding  to  the  district  affected,  and  irritation  causes  con- 
jrnlsions  of  tlie  nmscles  of  the  mme  part.  Again,  a  number  of  cases 
jteeon  record  in  which  aphamt^  or  the  loss  of  power  of  expressing  ideas 
pi  words,  has  been  associated  with  diseiiso  of  the  posterior  part  of  the 
tower  or  third  frontid  cun volution 
fii  the  left  side.  This  condition 
b  usual] V  associated  with  paralj- 
%Boi  the  right  side  (right  henii- 

egia). 
This  district  of  the  brain   is 
generally  known  as  tho  moiur 

m;  and  tliere  seems  no  doubt 
|iatever  that  from  this  area  pass 

e  nerve- fibres  whicli  proceed  to 

e  spinal  cord,  and  are  there  rep* 
keented  as  the  pyramidal  tracts. 
This  18  the  reason,  no  doubt, 
ftat  movements  are  produced  on 
simulation  of  the  white  matter 
Hut  the  superficial  gray  matter 
t  the  animal's  brain  has  been 
Iced  off. 

Motor  tracts  in  the  brain, — 
hese  motor  fibres  are  connected 
tth   the  pyramidal  cells  of  the 

!'tex,  and  are  indeed  their  con- 
nations. 
It  will  be  necessary,  therefore, 
trace  them  from  the  cortex 
arnward.  From  the  motor  area 
the  cortex  they  converge  to  the 

nal  capsideSy  and  pass  down  to  the  crusta  of  the  crua  in  the  way 
dy  indicated. 

n  the  internal  capsule  the  fibres  which  pass  onward  and  downward 

t;he  pyramidul  tracts  of  the  spinal  cord  do  not  occupy  more  than  a 

11  section,  namely,  that  part  known  as  the  knee,  and  the  anterior 

-thirds  of  the  posterior  segment  (fig.    3il5).     In  this  district  the 

es  for  the  face,  arm,  and  leg  are  in  this  relation  i  those  for  the  face 


Tiff.  394.— Dlajrrani  to  ahnw  tho  cfi!ini*cUnir  of  tbe 
Fr^uitiil  ncfipiijil  U)fM^  witli  thi*  0*relH*llyiiu  etc 
The  iliftit'tl  Un*'h  piiji^lni;  to  Uw  orimlji  (Tor),  rmmtde 
thi'  irir>l<]r  flbn^H,  liHlli'iilf;  thi^  runriwltori  tM:'tvi?t^n 
the  UniiEHfnHKTlptUil  lutwimcl  thect'retx'lJuin.  v.r.^ 
lli«  froiito-tcrefcHt'llur  Ubres,  whlcU  pasa  jinterjmllj  to 
tliH  iiifjiAtr  ivHfi  In  ihe  miNtu;  i.f.,  Qbrea  from  tho 
CAudiit^  [lUi'leiis  iL^  the  purw.  Fr.,  Trontal  lobe  t  Oc., 
iH-!('tplUil  kibe;  a*,,  skM'^'Ddlug  fmnial ;  ap.,  asirttitl- 
IriK  parietjil  uaovolutlon^*  pc;f.,  iire<f  iilntl  fljwure 
In  inmt  of  \he  »fivtm4im  fmntjil  wjnvniutlnn  ;  Fit,, 
fL^iire  of  llr»lB[ido ;  ivr..  futi^rpmdeUil  llswun^  a  m^'- 
tjon  (if  «nm  (h  hULenHj  em  ihf  left  hide,  i^s.,  guT>- 
atatitla  Dlirm:  py.^  pyrHiuldiiL  iiinh^r  Clbn^  which  on 
the  Tiffhi  tN  Khciun  ii-*i  < itDMiniouM  lines  tonvt*nrlnj? 
tti  [Hui^  thnniffh  [hr  |.m interior  limb  of  u\  Jnu^mal 
captiuU*  (the  knee  «ir  e-llntwof  whJrh  (s shown  Uuis *) 
ijpwanJ  iaU>  Lh«  htumlaphpruanddownwiircl  Lhmugh 
the  polls  to  c-ruHi  at  the  meduHft  Ld  the  antedur 
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ftnd  tougue  are  just  at  the  knee,  and  below  or  behind  tbem  i 
the  fibres  for  the  arm  and  then  those  for  the  leg. 

The  more  accurate  arrangement  of  these  fibres  in  the  m^ 
from  above  down  are  those  for  the  eye,  bead,  tongae,  man 
elbow,  digits,  abdomen,  lip,  knee,  digits.     These  fibres 
most  part  from  the  part  of  the  cortex  on  either  side  of  tbel 
Rolando,  hence  called  the  Uohndir  area  on  either  side.     Bnt 


^% 


Arn' 


Jo/th  vt  1 


Fit^ 


t£ 
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Tig.  89fiL— DiAifTUii  to  ahow  th*^  rvlAtivt*  |K)tikloQft  of  ih«  Mveral  motor  timeCi  is  1 
from  Uie  cortex  to  ttie  cnu.    Tha  si!ciloti  ihmug^h  tlio  eooTolutloo  is  Tertioikl;  tItAt  th 
Intenukl  capmie,  I,  C»  horliOfitoJ ;  thAt  through  the*  cms  again  vertical,    C,  N.  eaw*^*^ 
O,  THt  o|>tic  thalamus;  Ui  and  L*^,  middl*^  and  outer  part  of  lenticular  nucittts: 
arm,  aod  le^flbres.    The  worda  tn  italic  Indlcatti  comeapoDdJng  cortical  centres.    (G 

for  the  head  and  eyes  lie  more  anterior  in  the  frontal  lobe,  to  i 
of  the  precentral  sulcus,  that  for  the  head  above  that  for  the  ej 
an  area  for  the  truuk  (not  indicated  iii  the  fig,  394),  is  situate 
toward  the  middle  line  of  the  hemisphere,  internal  to  that  for  tfa 
But  there  are  other  fibres  which  are  arranged  in  fi'ont 
pyramidal  fibres  in  the  front  limb  of  the  capsule,  as  well  as  others 
them  in  the  hind  limb  of  the  capsule.  Those  in  front  are  fr 
anierior  pari  of  the  frontal  lobe,  and  these  in  passing  into  the  < 
found  on  the  median  side  of  the  pyramidal  fibres  (fig.  394). 
appear  to  end  in  the  gray  matter  of  the  pons,  and  there  to  be  coi 
with  fibres  from  the  middle  peduncle  of  the  opposite  side  of 
helium.  Those  behind  the  pyramidal  fibres  in  the  hind  limbof  ^ 
sule  are  from  the  tem^mral-occipiiai  lobe.  These  fibres  pass  intol 
to  the  outer  side  of  the  pyramidal  fibres  (fig.  394),  they  proli 
end  in  the  gray  matter  in  the  same  way.  There  are  other  fibre^i 
corpus  striatum,  from  both  nuclei,  but  particularly  from  the  1 
nuelens,  which  pass  to  the  cms,  and  are  situated  between  the  j 
timet  and  the  locus  niger  {^g,  394),  some  of  which  terminate 
nucleus,  while  others  terminate  in  the  pons.     Besides  the  above 
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of  which  are  l^elieved  to  be  elfereut  fibres,  and  are  at  any  rate  fibres 

desceDJing  degeneration,  there  are  fibres  which  pass  from  the  cortex 
>  the  optic  thalamus  aud  tegmentum,  fibres  of  ascending  degeneration 
tod  in  the  internal  capsule,  viz.,  those  from  the  frontal  lobes  are 
itiijited  at  the  extreme  tip  of  the  front  lioib,  in  front  of  the  motor  fibres 
rom  the  same  district,  and  others  from  the  temporal-occipital  district 
IDTerge  to  the  posterior  part  of  the  hind  limb.  Those  passing  between 
le  occipital  lobe  and  the  optic  thalamus  are  believed  to  bo  concerned 
itli  vision,  and  are  called  fibres  of  the  optic  radiation. 

It  may  be  as  well  to  mention  here  that  some  other  fibree  from  the 
tenporo-occipital  iobe  pass  into  the  optic  thalamus,  without  forming  a 
fcrt  of  the  internal  capsule. 

The  optic  thalamua  then  receives  fibres  from  nearly  all  parts  of  the 

t-ebral  cortex,  some  of  which  are  not  found  in  the  internal  capsule, 
e  tegmentum,  the  afferent  or  sensory  tract  of  the  crua  to  a  great  ex- 
lut  ends  in  the  optic  thalamus,  and  is,  therefore,  connected  through  it 
\i\\  nearly  all  parts  of  the  cortex,  indirectly.  It  is  also  more  directly 
innected  with  cortex  (fit)  by  fibres  of  the  optic  radiation  which  do  not 
\  to  the  optic  thalamus,  {b)  by  fibres  from  the  frontal  and  parietal 
bes,  which  pass  through  the  lenticular  nucleus,  and  {c)  by  fibres  from 
Ih  the  lenticular  and  caudate  nuclei  of  the  corpus  striatum. 
I  In  the  tegmentum  the  longitudinal  fibres  maybe  thus  enumerated : — 
(a,)  ThBfilM^  which  consists  of  fibres  from  the  sensory  decuraation  of 


I;, — Vertical  fiectioa  throujirh  the  cerebrum  and  basio  ^ongUa  to  Hhow  tl^e  r^latioiiis  of 

CO,  cerebral  convoliiUoTitt;  <-,c,  coq)ua  calloeum;  tJj.,   liit^?rnl  ventricle;  /,  fortiU; 

,  third  ventricle;  n.c,  luiudate  tiueleus;  w,  optic  th&lamuii;  nJ,,  Ifntitular  nudeiis;  cA,, 
nal  capeulc;  c.i..  (.dauAtruui :    c^r..  ejctert&al  capsule;   m,  eorpu»  mam  mil  Ian';   let.,  optic 
^;  t.f.l.,  atria  termiiiaUs;  n,a.,  oucleuj  am jgdals ;  cm,  soft  cum mlssurc.     (.Sctiwalbe. ) 

)  bttlb,  which  becomes  longitudinal  in  the  inter-olivary  region,  and  in 

course  upward,  from  masses  of  gray  matter,  such  as  the  superior 

re;  it  divides  into  two  bundles,     (i*)  Laieral^  ends  in  gray  matter 
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of  posterior  corpus  quadrigemiDum  and  in  white  matter  btrueaih  tbft 
anterior,  and  (ii,)  median^  onds  in  anterior  corpus  quadrigeminumaDd 
in  the  corpus  dubthakmicum,  thence  to  the  optic  thalamtiB  and  tk 
cerebral  cortex. 

(b,)  Posterior  hngUndinal  bnmU^s, — A  bundle  of  fibres  which  appor 
to  begin  in  the  bulb  as  certain  fibres  of  the  anterior  column  of  the  <'M 
which  are  the  short  longitudinal  commissures  between  segment-  "^  -^^^ 
cord.  It  is  traceable  upward  as  far  as  the  nucleus  of  the  thir 
It  is  supposed  to  connect  the  nuclei  of  the  fourth  and  sixth  nerves  viU 
the  third,  and  with  the  anterior  corpus  quadrigeminum. 

(c.)  Superior  peduncle  of  the  cerebellum, — Tliis  arises  on  either  ii6t 
from  the  supcrOcial  gray  matter,  but  chielly  from  the  corpus  den 
and  pagses  forward  and  outward  beneath  the  posterior  corpus  qui 
geminum,  and  beneath  it  and  the  anterior  corpus  quadrigeminnni  dfc©* 
sates  with  its  fellow;  the  fibres  then  ptiss  forward  in  the  anterior diitnei 
of  the  tegmentum  and  end  in  the  red  nucleus. 

(f/,)  Fibrissfrom  the  corpora  quadrigrminn. — From  each  corpastfiiit 
rigemiuum  passes  forward  and  downward  a  tract  called  the  brachiu 
The  anterior  brachium  goes  to  the  lateral  corpus  geniculatum,  and  tliea 
to  the  optio  tract,  other  fibres  pass  into  the  tegmentum,  and  tbewi 
directly  to  the  occipital  cortex.  The  posterior  brachium  goes  to  tbi 
median  corpus  geniculatum,  theut^e  to  the  tegmentum,  and  through  ii 
possibly  to  the  temporal  region  of  the  cerebral  cortex. 

Commissural  fibres. — lu  addition  to  the  fibres  of  the  corpus  callasaia, 
which  connect  all  parts  of  the  hemispheres,  and  fornix,  there  are 
other  comraiesures,  the  anterior  white  commissure,  and  the 
white  commissure  in  the  third  ventricle  connecting  by  white  fibr^« 
two  sides  of  the  brain.     The  fibres  in  the  anterior  commisgure 
chiefly  from  the  temporo-sphenoidal  convolution,  but  a  few  are 
the  olfactory  tract.     The  posterior  connects  the  optic  thalami  and 
menta.     The  middle  is  chiefly  composed  of  gray  matter,  but  aldo 
tains  some  transverse  fibres. 


Functions  of  the  Cerebrum. 

Speaking  in  the  most  general  way,  and  for  the  present  osiit 
the  accumulating  evidence  in  favor  of  the  direct  representatioo  of  i 
various  co-ordinated  movements  of  the  muscles  of  the  body  ia  i 
groups  situated  in  different  parts  of  the  cerebral  cortex,  itmaybei 
that: — (1.)  The  cerebral  hemispheres  are  the  organs  by  which  »rs) 
ceived  those  clear  and  more  impressive  sensations  which  can 
tained,  and  regarding  which  we  can  judge*  (2.)  The  cerebmm  i* 
organ  of  the  will,  iu  so  far,  at  least,  as  each  act  of  the  will  reqnirwj 
deliberate  determination.     (3.)  It  is  the  means  of  retaining  impre^^ 
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e  thing?,  and  reproducing  them  in  subjective  sensationa  aod 
^p  (4.)  It  i.<  the  medium  of  all  the  higher  emotions  and  feelings,  and 
the  faculties  of  judgment,  underiatanding,  memory,  reflection,  indue- 
fi,  imagination  and  the  like. 

Evidence  regarding  the  physiology  of  the  cerebral  hemispheres,  has 
n  obtained,  us  in  the  case  of  other  parte  of  the  nervouB  system,  from 
i  study  of  Comparative  Anatomy,  from  Pathology,  and  from  Experi- 
nts  on  the  lower  animals.  The  chief  evidences  regarding  the  fiinc- 
D3  of  the  cerebral  beniispberes  derived  from  these  various  sources,  are 
efly  these: — 1.  Any  severe  iujury  of  them,  such  aa  a  general  concua- 
H,  or  sudden  pressure  as  1>j  apoplexy,  may  instantly  deprive  a  man  of 
power  of  manifesting  externally  any  mental  faculty.  2*  In  the  same 
lenil  proportion  as  the  higher  mental  faculties  are  developed  in  the 
rtebrate  animals,  and  in  man  at  different  ages  and  in  d liferent  indi- 
Uals,  the  more  is  the  size  of  the  cerebral  hemispheres  developed  in 
Bparisou  with  the  rest  of  the  cerebro-spinal  system.  3.  No  other  part 
the  nervous  system  bears  a  corresponding  proportion  to  the  develop- 
nt  of  the  mental  faculties,  4,  Congenital  and  other  morbid  defects 
be  cerebral  hemisphere  are,  in  general,  accompanied  by  eorrespond- 
deficieney  in  the  range  or  power  of  the  intellectual  faculties  and  the 
ier  instincts.  5.  Eemoval  of  the  cerebral  hemispheres  in  one  of  the 
Br  animals  produces  effects  corresponding  with  what  might  be  antici- 
jd  from  the  foregoing  facts. 

Effects  of  the  Removal  of  the  Cerebrum,  —The  removal  of  the  cere- 
jn  in  the  lower  animals  appears  to  reduce  them  to  the  condition  of  a 
llianism  without  spontaneity. 

in  the  case  of  the/™/,  wdien  the  cerebral  lobes  have  been  removed, 
animal  appears  similarly  deprived  of  all  power  of  spontaneous  move- 
nt. But  it  sit^  up  in  a  natural  attitude,  breathing  quietly;  when 
Iced  it  jumps  away;  when  thrown  into  the  water  it  awLms;  when 
leil  upon  the  palm  of  the  hand  it  remains  motionless,  although,  if 
hand  be  gradually  tilted  over  till  the  frog  is  on  the  point  of  losing 
balance,  he  will  crawl  up  till  he  regains  his  equilibrium,  and  comes 
ie  parched  quite  on  the  edge  oC  the  band.     This  condition  contrasts 

I  that  resulting  from  the  removal  of  the  entire  brain,  leaving  only 
spinal  cord;  in  this  case  only  the  simpler  reflex  actions  can  take 

(e.  The  frog  does  not  breathe,  he  lie^  flat  on  the  table  instead  of 
ng  up;  when  thrown  into  a  vessel  of  water  he  sinks  to  the  bottom; 

II  his  legs  are  pinched  he  kicks  out,  but  docs  not  leap  away. 

(L  pif/eon   from  which  the  cerebrum  has  been  removed  will  remain 
ionlesfi  and   apparently   unconscious  unless  disturbed.     Wlien  dis- 
ced in  any  way  it  soon  recovers  its  former  position;    when  thrown 
'  the  air  it  flies. 
In  mammals  it  is  difiicult  to  remove  the  cerebral  hemisnheres,  but  in 
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those  animals  in  which  the  uperation  hus  be€n  carried  out,  ns  f or eiampie 
in  the  rabbit  and  rat,  a  result  very  similar  to  those  obsenredinthecafieo! 
the  frog  and  pigeon  has  been  obtained.  The  animal  is  uble  to  maiQtaiitili 
equilibrium,  to  ruu  or  jump,  and  in  fact  carry  out  all  the  most  oomplh 
cated  co-ordinated  movements,  but  it  is  unable  to  originate  them  withwt 
stinuilation.  In  the  ease*  of  the  dog,  however,  it  has  been  found  imjxi* 
sible  to  remove  the  whole  brain,  but  when  it  has  buen  removed  piec^ 
meal  the  animal  may  be  kept  alive  for  some  time,  and  can  carry  oat  co- 
ord inated  movements  w^ell,  and  even  manifest  intelligence. 

It  is  quite  evident,  therefore,  that  the  apparatus  for  carrying  oat 
ordiuated  movements  is  in  theee  animals  not  localised  either  in  thecc»- 
brum  or  in  the  spinal  cord,  and  must  therefore  be  connected  in 
way  with  the  parts  of  the  brain  below  the  cerebrum  and  abow 
<2ord.  There  is  no  reason  why  such  an  arrangement  may  not  be  soppoied 
to  exist  in  the  human  brain. 

We  must  look  upon  the  cerebrum,  however,   as  the  originator  of  wi- 
nntary  movements. 

As  regards  the  theory   of  the  localization  of  different  moyemaol 
different  parts  of  the  cerebral  cortex  which  as  we  have  seen  has 
so  much  support  from  observation  on  animak  such  as  the  dog  and 
monkey,  at  any  rate,  we  may  say  that  certain  parts  of  the  cerebnJ 
appear  to  be    highly  sensitive  to  electrical  stimuli,    particularly 
Rolandic  area  and  the  frontal  lobe  in  front  of  it,     Stimalatioo  of 
tain  other  regions,  viz.,  of  the  occipital  region,  of  the  parietal  and 
poral  region,  and  of  the  gyrus  fornicatus  and  the  frontal  region  in 
of  the  motor  area,  does  not  give  rise  to  such  movements*     Such  ol 
tions  as  it  has  been  possible  to  make  on  man  show  that  the  locali; 
of  movement  on  the  human  cerebral  cortex  is,  if  anything,  sai 
to  that  observed  in  monkeys.     We  have,  of  course,  bnt  few  datt 
which  to  base  our  conclusion,  except  such  as  have  been  obtained 
the  observation  of  the  symptoms  of  disease,  but  with  the  help  of 
we  may  assume  that  in  the  cerebral  cortex  the  co-ordinated  movi 
of  tlio  body  in  some  w^ay  are  represented.     The  cases  which  have 
us  most  of  our  knowledge  upon  the  subject  are  those  in  which  hasnio] 
have  occurred  in  different  parts  of  the  brain,  followed  by  pandysu 
the  opposite  side  of  the  body.     These  hemorrhages  chiefly  occur 
the  neighborhood  ol  the  corpus  striatum.    The  paralysis  of  the  eitremil 
is  practically  permanent,  although,  as  a  rule,  the  muscles  connectwi 
the  trunk  are  not  pnralyzed.     This  means  that  some  interroptioii 
taken  place  l>etween  the  cerebral  cortex  and  the  paralyzed  muscles,  ^ 
the  lesion  is  a  destroying  one, the  connection  is  never  re-established,  h 
case  of  the  animals,  such  as  the  dog,  this  is  not  the  case,  as  the 
is  temporary.     It  is  supposed   that  in  man  not  only  the  ttiore 
skilled  movements  but  all    voluntary  movements  of    the  muscli 
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«Uy  represented  in  the  cortical  areas,  and  that  the  pyramidal  tracts 
actually  essential  for  voluntary  inovemeBtd.  If  the  pyramidal 
Its  be  partially  or  wholly  destroyed,  anywhere  in  their  course,  a 
dysis  corresponding  with  the  amount  destroyed  invariably  follows* 
Ihe  dog  experiments  have  shown  that  this  is  not  the  case,  and  the 
duct  ion  of  voluntary  impulse  to  muscles  may  take  place,  for  example, 
)ther  parts  of  the  cord  besides  the  pyramidal  tract,  after  hemisection. 
The  pyramidal  tracts  in  man,  however,  must  be  considered  also  aa 
only  path  connecting  the  cortical  centres  with  the  co-ordinated 
tres  lower  down  in  the  brain,  as,  for  example,  in  the  bulb.  The 
mises  which  pass  down  from  the  cortex,  whatever  they  may  be,  are 
however  of  necessity  connected  with  consciousness,  and  many  volun- 
r  movements  of  a  complicated  nature  may  take  place  really  better  with- 
consciousness  than  with  it  This  is  shown  in  such  co-ordinated 
lementa  as  writing,  walking,  marching,  and  the  like,  all  of  which  are 
^ired  with  time  and  much  labor,  but  when  once  perfect  in  the 
rridual,  can  best  be  performed  without  voluntary  effort.  Such 
"ements  must  be  represented  by  impulses  passing  in  the  pyramidal 
(t6,  for  if  they  are  interrupted,  the  movements  are  no  longer  per- 
iled* 

What  actually  originates  a  voluntary  action,  or  one  performed  by 
iffort  of  the  will,  we  are  unable  to  say*  No  doubt  impulses  from  the 
iphery  conducted  to  the  cerebral  cortex  along  all  kinds  of  afferent 
ttnele  must  have  something  to  do  with  it;  directly  or  indirectly, 
ler  or  later.  In  the  human  cortex  it  would  seem  that  the  apparatus 
performing  all  manner  of  possible  co-ordinated  movements  which  may 
It  in  speech  or  action,  arc  stored.  This  apparatus  is  capable  of 
^  set  in  action  either  in  the  absenco  of  consciouaness  by  afferent 
mli  of  some  kind  directly,  or  by  what  may  be,  indirectly  or  remotely, 
bme  way  the  result  of  afferent  stimuli,  viz.,  the  will.  It  is  also  prob- 
that  the  will  of  another  may  take  tlie  place  of  the  man's  own  will, 
may  call  for  the  movements,  actions,  and  speech,  all  of  which  are, 
►  were,  ready  to  be  called  forth  by  a  stimulus  of  some  kind.  It  may 
ipposed  that  the  condition  of  development  of  the  brain  inherited  by 
odiTidual  has  something  to  do  both  with  the  potentialities  of  tlie 
trains  for  co-ordinated  acts,  which  he  receives  at  birth,  and  with  the 
in  which  the  apparatus  is  set  in  motion. 

Vnilateral  Action. ^ — Respecting  the  mode  in  which  the  brain  dis- 
ges  its  functions,  there  is  no  evidence  whatever.  But  it  appears 
I  for  all  but  its  highest  intelleotual  acts,  one  of  the  cerebral  hemi- 
eres  is  sufficient.  For  numerous  cases  are  recorded  in  which  no 
lal  defect  was  observed,  altliough  one  cerebral  iiemispliere  was  so 
rganized  or  atrophied  that  it  could  not  bo  supposed  capable  of  dis- 
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eharging  its  fuuctious.     The  remaining  hemisphere  was,  in  thei&ciii^ 
adequate  to  the  functions  generally  didoharged  by  both;  but  tbminl 
does  not  aeem  in  any  of  these  cases  to  have  been    tested  in  very  ki^  I 
iatellectual  exercises;  so  that  it  is  not  certain  that  one  hemispbeTt  liO 
Bufiiee  for  these.     Iti  general,  the  brain  combines,  as  one  sensation,  tk  I 
impressions  which  it  derives  from  one  object  through  both  hen 
mid  the  ideas  to  which  the  two  such  impressions  give  rise  are  si:. 
relation  to  common  sensation  and  the  efforts  of  the  will,  it  mugtilnjil 
be  remcml^ered  that  the  impressions  to  and  from  the  hemi^pht  r 
brain  are  carried  across  the  middle  Hue;  so  that  in  destructioiu 
pression  of  either  hemisphere,  whatever  effects  are  prwlucjed  in 
sensation  or  vohnitary  motion,  are  observed  on  the  side  of  the 
opposite  to  that  on  which  the  brain  is  injured. 


Sleep. — All  parts  of  the  body  whieh  are  the  seat  of  ajctive  chac:- 
periods  of  rest.  The  iilterDation  of  work  and  rest  is  a  necessary  o« 
tlieir  niaititei^ttinv.  antl  of  the  healthy  iM^rfomiaiiee  of  their  functions^ 
ulteroatiiiK  periodH,  huwe ver,  tiifftr  much  in  duration  in  different  casa 
for  auy  iadiridual  in^tjiuce,  they  preserve  a  general  and  nither  clotse  iinifci 
Tlius,  as  before  meutioot^l,  the  peritxls  of  rest  and  work,  in  tlie  cas 
heart,  i)ccupy,  each  of  them*  alw^ut  half  a  second  ;  in  the  case  of  the  ( 
respiratory  nmstles  tlio  periods  are  alxmt  four  or  ^ve  times  as  long.  In  i 
casc*B.  again  (as  of  the  voluntary  muscles  during"  violent  exercisei*  wliDif 
pi»ri<xlft  during  active  exertion  alternate  very  frequently,  yet  the  < 
goes  far  ahead  of  the  repfiir,  and,  to  eompiensate  for  this,  an  after  icfMitl 
flome  hours  h<?conies  nwessary  ;  the  rhythm  bi'ing  less  perfect  as  to  luni.  I 
in  tJie  case  of  the  muscles  conceded  in  cirrulution  runl  respiration. 

OhviouKiy,  it  w*iiild   l>e   impossibh*    that,  in    the    ease   of   tlie  brain, 
should   be  short  perimis  of  activity  and  rep>se,  or  in  other  words,  of  <N:)nsrit*l 
ness  and  unconsciousneaa.     The  repose  must  occur  at  long  intervals;  aiiditj 
must  therefore  he  proportionately  long.     Hence  the  necessity  for  that  cood 
which  we  call  Sleep:  a  condition  which  seeming  at  first  sight  eiceprio 
only   an   imusually   perfect  example  of  what  occurs,  at  varying  int< 
every  actively  workiug  portion  of  our  bodies. 

A  temporary  abrogation  of  the  functions  of  the  cerebrum   imitating  i 
may  occur,  m  the  eajve  of  injury  or  disease,  as  the  conse^juence  of  two  I 
ently    widoly   ditferont   conditions.     Itisensibility    is   equally    pniductd  ^( 
dejicitrril  and  an  iWvfHHiv*'  t|natitity  of  bhMxl  witliiii  the  cranium  (coma) :  I 
was  once  supiH«iHl  that  the  latter  otTered  the  truest  analogy  to  the  na 
dition  of  thu  hrain  in   sleep,  auil  in  the  absence  of  any  proof  to  the  i 
the  brain  was  said  to  bo  during  sleep  congested.     Direct  experimental 
has  led,  however,  to  the  opfxtsite  conclusion. 

By  exposing,    at  a  circumscriljed  spot,  the  surface  of  the  brain  d  1^ 
animals,  and  protecting  the  exposed  part  by  a  watch-glass,  Durham 
to  prove  that  tbu  brain  becomes  visibly  paler  (anemic)  during  sleefi;  i 
aniemia  of  the  optic  disc  during  sleep.'  ulitjerved  by  Hughlings  JacksaOi| 
be  taken  as  a  strong  confirmation,  by  analog^%  of  the  same  fact. 

A  very  little  considenition  will  show  that  these  exp*eri mental  resolts 
spond  exactly  with  what  might  have  been  foretold  from  the  analogy  of  < 
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hysiologic^l  conditions.  Blood  is  aupplied  to  the  brain  for  two  partly  dia- 
ipct  purpOBes,  (L)  It  is  supplied  for  mere  nutrition^H  sake.  (2.)  It  ia  neces* 
^for  briogieg  supplies  of  jxit^ntial  or  active  energy  (i.<?,,  combustibk  matter 
fheat)  which  may  he  transformed  by  the  cerebral  corpuscles  into  the  various 

rQifestatiou^  of  nerye-force.  During  sleep  blood  is  requisite  for  only  the  first 
these  purpoties ;  and  its  supply  in  gn-ater  quantity  would  be  not  only 
)Bbss,  but  by  supplying  an  excitement  to  work,  when  rest  is  needed,  would  be 
tlitirely  harmful.  la  tbia  resjieet  the  varyiiig  circulation  of  bhxxl  in  tlie 
pLD  exactly  resembles  that  which  occurs  in  all  other  energy -transforming 
|rt8  of  the  body ;  eg.,  glands  or  muscles. 

I  At  the  same  time,  it  is  necessary  to  remember  that  the  normal  aneemia  of 
1^  brain  which  accompanicH  t^loep  is  probably  a  result,  and  not  a  caiiae  of  the 
peeoence  of  the  cerebral  functions.  Wliat  the  immediate  caum*  of  this 
^iodical  partial  abrogation  of  functions  is.  however,  we  do  not  know, 
I  Sonmantbalism  and  Dreams. — What  wn  term  s/rtyj  occurs  of  ten  iu  very  differ - 
I  degrees  in  dilTerrut  ptirts  t>f  the  nervuus  sj  stem  ;  and  in  some  parts  the 
HBSsion  cannot  be  used  in  the  ordinary  sense. 

The  phenomena  of  dreanm  and  somnambulism  are  examples  of  differing 
1  of  sleep  in  different  jKirts  of  the  cerebro- spinal  nervous  system.  In  tlie 
er  case  tlie  cerebrum  is  still  partially  active  ;  but  tlie  mind -products  of  its 
ioa  are  no  longer  corrected  hy  the  reception^  on  the  part  of  the  sleeping 
iKJTtum,  of  impressions  of  oh jt^^ts  belonging  to  the  outer  world;  neither  can 
l^oerebrum,  in  this  half-awake  condition,  ect  on  the  centres  oT  reflex  action 

ithe  voluntary  muscles,  so  as  to  cause  the  latter  to  contract—a  fact  witliia 
painful  experience  of  all  wlio  have  suffered  from  nightmare, 
jin  somnambulism  the  cerelirum  is  capable  of  exciting  that  train  of  reflex 
|tous  action  which  is  necessary  for  progression,  while  the  nerve-centre  of 
jr  sense  (in  the  cerebellum?)  is,  presumably,  fully  awfike  ■  but  the  ^ew- 
Jim  is  still  asleep,  and  impressions  made  on  it  are  not  sutHciently  felt  to 
the  cerebrum  to  a  comparison  of  the  differenco  between  mere  ideas  or 
ries  and  sens/itions  derived  from  external  objects. 


Whe  cef tires  for  mtmuktr  ro-ordimdinns* — ^lu  asserting  that  the  co- 
■illation  of  complicated  muscular  movements  is  connected  with  the 
iSdle  parts  of  tlie  brain  below  the  cerebrum  and  above  the  bulb,  we 
Ire  stating  a  fact  deduced  from  eri>eriment8  upon  animals.  It  is  diffi- 
k  to  understand  the  exact  way  in  wbicli  these  parts  of  the  brain  are 
kceraed.  It  appears,  however,  that  co-ordiQuied  movements  such  as 
Ibding,  walking,  and  the  maintenance  of  the  eqnilibrinm  generally, 
[iiire  to  be  guided  and  governed  by  afferent  impulses,  which  tell  of 
i  condition  of  the  body  and  of  \i&  relations  to  its  environment  (**  its 
Htion  in  space'*).     The  afferent  impulses  vLm  firstly  visual  and  tactile 

Eiations,  secondhj  sensations  by  which  we  appreciate  the  condition  of 
muscles  (rauseular  sense),  and  ihirdhj^  as  ajipeurs  from  experiments 
ptgeoDS  and  other  animals,  sensations  produced  by  the  pressure,  in 
erent  directions,  of  the  fluid  in  the  aeniicircalar  canals  of  the  in- 

M 

loal  ear. 

'  Experiments  show  that  when    the   horizontal  semicircular  cannl   is 
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diyided  in  a  pigeon,  inco-ordination  occurs,  with  a  eunstant  moremeni 
of  the  head  froiD  side  to  side,  and  similarly,  whea  oi,e  of  thei^rtieil 
canalB  is  operated  upon,  up  and  down  movementa  of  the  head  *w  ob- 
served. The  bird  is  unable  to  Hy  in  an  orderly  manner^  flutters  ad 
falk  when  thrown  into  the  air,  and,  moreover,  is  able  to  feed  irilk 
difficulty.  Hearing  remains  unimpaired.  So  that  inco-ordiMtion 
depends  upon  deficiency  or  disorder  of  normal  ampullar  influencwi  It 
will  be  recollected  that  the  semicircular  canak  are  supplied  wilk  i 
nerre,  the  restibular  branch  of  the  auditory,  which  is  connf^cted  with  tbi 
bulb. 

It  is  probable  that  the  various  afferent  impulses  upon  which  co-ordi&i- 
tion  and  the  maintenance  of  the  equilibrium  depend  are  gathered  opi 
it  w^ere,  in  the  tegmental  system  from  the  bulb  upward,  since 
region  is  so  intimately  connected  with  the  bulb  and  cord  poete: 
and  with  the  optic  thalamus  imd  corpora  quadrigemina  anteriorly, 
addition  to  the  tegmentum,  however,  the  cerebellum  and  pons  are  in 
some  way  concerned,  because  of  their  intimate  connection  with  tba 
spinal  cord  and  bulb,  the  eerebelUim  being  further  connected  with  the 
auditory  ner^e  on  the  one  hand,  and  with  the  gray  matter  in  conna'tioa 
with  the  ieginentum  on  the  other  hand. 

Sensory  Centres. 

There   is  evidence  that  fibres  from  the  nerves  of  special  aemee  are 
specially  connected  with  definite  and  distinct  parts  of  the  cerebnim, 

Visual  or  Optic  Venire, — The  termination  of  the  optic  nenre  in 
eye,  the  retina,  to  the  structure  of  which  we  shall  return  when  treni 
of  the  eye,  is  so  arranged  that  wlieu  we  look  at  an  object  with 
eyes,  symmetrical  parts  of  each  retina  are  used.     For  example,  if  we 
at  an  object  to  the  left,  an  image  of  that  object  is  focussed  n 
right  half  of  both  retino3,  viz.,  upon  the  temporal  side  of  the 
retina,  and  upon  the  nasal  side  of  the  left  retina.     The  optio 
fibres  of  these  symmetrical  parts  of  the  retina  are  gathered  tcj 
behind  where  the  optic  nerves  decussate,  viz,,  in  the  optic  chii 
The  fibres  which  come  from  the  riglit  side  of  both  eyes  are  contained 
the  optic  tract  of  the  same  side,  viz,,  the  right,  those  from  the  right 
being  outside  of  the  others.     In  the  same  way  the  left  optic  tract 
tains  internally  fibres  from  the  left  side  of  the  right  eye  and  eitei 
those  from  the  left  side  of  the  left  eye.     On  the  inner  border  of  the 
chia&ina  and  tract  there  are  also  commissural  fibres  which  passfromi 
side  of  the  brain  to  the  other;  these  are  fibres  which  connect  one  mi 
corpus  geniculatiim  with  the  other.     They  are  called  the  i 
arcuate  commissure.     The  optic  tract  thus  formed  then  paaaei 
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ird  and  terminates  in  three  distinct  nuclei,  viz.,  the  pulvinar  of  the 
rtic  thalamus,  th6  anterior  corpus  quadrigeminum  and  the  lateral 
cpus  gen icLi latum.     These  nuclei  waste  if  the  eyes  are  removed  from 

adult  animal;  and  if  from  a  newly  horn  animal,  they  do  not  develop. 

,e  optic  chiaama  in  its  course  gives  off  fibres  which  are  connected  with 

s  nncleus  of  the  third  nerve. 

It  appears  that  some  of  the  fibres  of  tlie  optic  tract  pass  directly  into 

>  cerebral  cortex  without  joining  with  the  optic  thalamus,  corpus  qnad- 

rminum  or  corpus  geniculatum. 
It  was  shown  above  that  the  fibres  of  the  cerebral  cortex,  known  as 
i«  optic  radiation,  pass  from  the  occipital  region  to  the  three  nuclei 
loat  which  we  are  speaking,  viz*,  into  the  pulvinar  of  the  optic  thala- 
,  the  anterior  corpus  quadrigeminnm  and  lateral  corpus  geniculatum. 


iX'^ 


Tm^  Sjk 


Itg.  391  ^Tbe  Cortical  Centrea, 

it  is  known  that  when  the  occipital  cortex  is  removed,  theae  three 
lie.  It  has  been  further  shown  that  in  a  newly  born  animal  the 
aoval  of  such  a  region  is  followed  by  imperfect  development  of  the 

in  question. 

If  one  optic  nerve  be  divided,  blindness  of  the  corresponding  eye 

Its,   but  if  one  optic  tract  be  divided  there  is  a  half  blindness, 

ich  is  called  hemianopsia^   hemianopiaj  or  kemiopia^   right    or  left, 

^rding  as  the  right  or  left  field  of  vision  is  cut  off.     It  is  liighly 

liable    that    the    occipital    lobe    (figs.    393,    307),   and   particularly 

cuneus,  is  concerned  as  a  so-called  visual  centre,  since  not  only  is 

Dnnected  with  the  optic  nerves,  as  we  have  seen,  but  also  because  the 

oval  of  the  right  occipital  lobe  in  an  animal  (monkey),  is  followed 

hemiopia,  removal  of  the  left  by  right  hemiopia,  and  removal  of 

occipital  lobes  by  total  blindness.  Some  have  connected  the  angular 
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g3rrus  aleo  with  vision  as  the  centre,  while  others  look  upon  it  iDenlj  j 
as  an  accessory  ceutro. 

Olfactory  centre , — The  olfactory  nerve  differs  fiom  the  other cnMl| 
nerves.     In  reality  it  Is  a  representative  of  the  olfactory  lobes otc 
animals,  which  are  part  of  the  cerebrum.     It  originates  as  an  oB-i 
from  the  cerebral  vesicle,  the  front  part  of  which  is  develojied  intol 
bulb  of  the  olfactory  nerve,   while  the  back  forms  its  peduBck 
nerve,  the  cavity  of  which  is  filled  np  in  the  fully  developed  cooditia 
with  neurogliar  substance,  lies  ujwn  the  cribriform  plate  of  the  ell 
bone,  and  ia  contained  in  a  groove  of  the  frontal  lobe  on  its  under  i 
face.     On  examination  of  the  bnlb  it  is  found  to  be  thus  made  i 
Beneath  the  neurogliar  layer  is  a  layer  of  longitudinal  fibres  and  il 
nerve-cells,   next  to  this  is  a  layer  of  small  cells  (nncle-ar  layer),  1 
from  the  layer  of  nerve-fibres  passing  through  it. 

The  nuclear  layer  is  also  separated  into  groups  of  cells  by  an 
lacing  of  the  libres.     The  next  layer  is  thick  and  is  composed  of  nea 
and  some  fibres,  some  of  which  are  medullated,  as  well  as  of  cells 
or  kas  pyramidal  in  shape.     Below  this  layer  is  the  layer  of  o/f'a 
gJmnmrxtlL     These  glomeruli  are  small  coils  of  ol factory  fibres  incla 
small  cells  and  granular  matter,     A  full  description  of  the  anatoinyi 
these  parts  is  given  later  (.st^e  Olfactory  nerve).  , 

Fibres  of  the  olfactory  nerve  proper  are  found  below  this  layer  i 
pasa  to  bo  distributed  to  the  olfactory  mucous  membrane*    Tbeii 
thought  to  have  origin  in  the  glomeruli.     The  peduncle  of  the  i 
or  the  olfartoTf/  tract  as  it  is  sometimes  called,  is  made  up  of  longitodia 
fibres  originating  in  the  bulb,  with  neuroglia  and  some  nerve*ceUs« 

The  fibres  of  the  olfactory  tract  base  been  traced  into  the  nil 
amygdalae  and  ita  junction  with  the  hippocampal  gyrus  in  the  temp 
lobe  (fig,  397),     The  hippocampus  must  be  in  some  way  connected 
smell,  since  a  lesion  of  it,  leaving  the  olfactory  tract  uninjured,  serioi 
interferes  with  that  sense. 

Taste  centre. — It  is  very  uncertain  where  the  taste  centre  is  ait 
if  such  exist.     It  has  been  placed  in  the  temporal  lobe,  not  far  fromt 
of  smell  (Jig.  31»7). 

AudUory  Centre. — This  centre  haa  been  localized  in  the  wp 
tempond  convolution  (fig,  303).  Experiments  have  been  njudei 
connect  auditory  impulses  on  either  side  with  the  posterior  corpoac 
rigeminum  and  the  median  corpus  geniculatum,  for  when  the  ini' 
ear  is  destroyed  there  results  atrophy  of  these  bodies  aswellftscfl 
lateral  fillet  of  the  opposite  aide;  and  on  the  other  hand,  destna'ti*^^ 
the  part  of  the  temporal  lobe  above  indicated  is  similarly  followe 
atrophy  of  the  nuclei  of  the  same  side.  If  theee  results  be  confinnf 
additional  experiments,  it  would  make  it  plain  that  these  niiclei 
much  the  same  relation  to  the  sense  of  hearing  as  do  the  anterior  coi|i 
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rigemiDum   and   the   luteral  corpus  geniculatum   to  the  senae  of 

enirefor  Quia  neons  SmsaOotis, — ^Physiological  experiments,  as  well 
uical  aud  pathological  obBervations,  now  ebow  prettv  certaiuly  that 
cortical  ceDtre  for  EeusatioDS  of  touch,  aod  probably  of  paiu  and 
eratiire,  are  essentially  ideiiticul  with  the  motor  areas,  that  is  to 
in  the  central  convolutions.  Owing,  however,  to  the  wido  distribu- 
of  aJJerent  impulses,  through  the  multiplication  of  their  means  of 
Dg  to  the  brain,  the  area  of  these  sensory  centres  is  not  as  strictly 
ed  as  that  of  other  special  centres. 

Tie  Centre  for  Mnscnhr  Seusaiions. — A  great  deal  of  evidence  is  ac- 
ilated  to  show  that  the  most  important  area  in  which  those  sensa- 
are  brought  to  consciousness  is  in  the  inferior  parietal  lobule. 

FUNCTIOKS   OF   CoRrORA    STRIATA   AKD    OPTIO   ThALAMI. 

W  Corpora  Striaia. — The  idea  formerly  held  that  the  corpora 
;a  are  concerned  in  the  transmission  of  motor  impulses,  or  that  they 
be  great  motor  ganglia  at  the  base  of  the  brain,  rests  upon  insuffi- 
evidence.  Lesions  of  the  corpora  striata  produce  hemiplegia  only 
ise  of  the  pressure-effects  thev  exercise  upon  the  internal  capsule 
by. 

he  caudate  nucleus  is  connected  with  the  opposite  side  of  the  cere- 
m  by  fibres  which  conduct  downward,  and  the  lenticular  nucleus  is 
acted  with  the  cerebellum  by  tibres  from  the  tegmentum  and  su- 
r  cerebellar  peduncles  which  conduct  upward.  It  is  suggested  that 
orpora  striata  are  central  organs  analogous  to  the  cerebral  cortex 
.  *'  The  analogy  to  those  parts  of  the  cortex  that  are  connected 
the  cerebellum  is  rendered  still  greater  by  the  fact  that  a  lesion, 
an  extensive  lesion »  may  exist  in  either  the  caudate  or  lenticular 
US)  and  so  long  as  it  does  not  interfere  with  the  functions  of  the 
r  or  sensory  parts  of  the  internal  capsules  it  causes  no  persistent 
toms.**     (Gowers.) 

n  the  whole,  however,  it  must  be  said  that  the  functions  of  the 
ira  striata  are  unknown,  and  it  is  possible  that  in  man  they  are  very 
jiary,  if  not  even  rudimentary,  bodies. 

%0  Optic  Til alami, — That  the  optic  thalami  are  the  great  sensory 
es  at  the  base  of  the  brain— which  was  a  view  held  by  many  until 
tly^ — does  not  seem  to  he  baaed  upon  sufficiently  accurate  oheerva- 
,  The  important  relation  to  the  tegmentum  of  its  own  side  would 
I  it  appear  as  being  specially  concerned  with  the  sensory  fibres  pass- 
0  the  cerebrum,  for  which  it  probably  forms  a  relay. 
;fi  connection  with  the  optic  nerTcs  has  been  commented  upon 
>.  Fibres  connect  the  optic  thalamus  too  with  the  superior  pe- 
le  of  the  cerebellum  of  the  opposite  side, 
42 
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Lesions  of  the  optic  thalaiiius  do  not  of  tfaemsehefl  produce  e&tin  I 
I068  of  eeugation.  If  such  a  symptom  followg,  it  ia  dne  to  pre^ore  npoOi  j 
or  injury  to,  the  posti-rior  limb  of  the  internal  capa\]le.  V 
thiihinuia  is  couuected  with  visual  sensations  antl  may  be  a  fi::. 
for  sooH^  of  tlie  higher  reflex  actions. 

Tlje  optic  thalamus  is  so  closely  connected  with  a  large  area  of  tii  1 
cortex  that  it  undoubtedly  must  have  some  function  in  conutjctionwitii 
the  mechanical  or  musnular  movements  and  of  expression.     It  is  pr4  | 
able  that  it  is  the  organ  to  which  automatio  activities  are  relegated  iBj 
states  of  partial  consciousness.     The  automatic  valkingi  writiDg,  ml' 


Fig".  15118.— Cerph«»lliim    In   section    •»"  '    '■  Mrth   vt-ntrulf-      ^"^    'le   uei^boriTi^  "^Ttt. 
M<HUan  j^roove  cif  fourth  vetitHcl**,  er  Id  the  ttn  tirrius^  witti 

iliDAl  *'inlnence*!   fonii«?il  by  the  /n*'  \  one  on  »-,  . ,  the  waiot  . 

glACt!  where  Uie  vi  hit**  t$trei&kfi  of  tlie  u....ii.^d  v  t*trve  em^rff^  ii- ^  ^-^  cvo«i  the  fli- 
'icle;  9l  inferior  ems  or  peduQcleol  tlie  oere^Uiun,  lormed  by  the  resUfonn  bo^l 
pynunld:  aboTe  thifi  is  the  cAl&muii  scriptorltn:  &,  gupertor  droB  of  cerebeUmu, 
oerebeUo  ad  cerebrum  (or  ad  testes^;   61,  6.  fitlei  to  tbe  Bide  of  the  crura  cer^n.    ,   , 
ffroovea  of  ibe  cruni  cerebri;  8,  corpora  quodri^mituk.    (From  fii^pey  afWr  Hlr«cWeMJ 

log,  and  emotional  exprefisionfl,  for  example,  that  are  done  by  mei] 
hypnotic  states  or  in  sleep,  are  very  probably  largely  under  the  couW 
of  the  optic  ttialamus  in  connection  with  the  cerebellum  and  associ$ti 
ganglia. 

Of  the  functions  of  the  external  mpsule  ami  of  the  clawdrum  notiifl 
definite  is  known. 

The  Cerebellum* 

The  cerebellum  (7,  8,  9,  10,  fig.  303)  is  composed  of  an  elongitl 
central  portion  or  lobe,  called  the  vermiform  proceases,  and  two 
spheres.  Each  lieuiisphere  ia  connected  with  its  fellow,  not  only 
means  of  the  vermiform  processes,  but  also  hy  a  bundle  of  fibres  ctDi 
the  middh  crus  or  peduncle  (the  latter  forming  the  greater  part  of 
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Varolii),  while  tlie  superior  crura  with  the  take  of  Tieusscns  con^ 
it  with  the  cerebritm  (5,  fig,  398),  and  the  inferior  crura  {formed 
te  prolonged  restiform  bodies)  coonect  it  with  the  medulla  oblongata 
g.  398). 

'iruciHre,— The  cerebellum  is  composed  of  white  and  gray  matter, 
atter  being  external^  like  that  of  the  cerebrum,  and  like  it  infolded, 
at  a  larger  area  may  be  contained  in  a  given  space.  The  con  vol  ii- 
of  the  gray  matter,  however,  are  arranged  after  a  different  pattern, 
own  in  %,  387,  Besides  the  gray  substance  on  the  surface,  there 
jar  the  centre  of  the  white  Buhetance  of  each  hemisphere,  a  Buiall 
lie  of  gray  matter  called  the  eorjws  dent  at  urn  (fig,  388,  r^7),  resem- 
;  rery  closely  the  corpus  dentaium  of  the  olivary  body  of  the  medulla 
igata  (figs.  362,  388,  o). 


Ig»  3M.— Outlioe  ekftch  of  a  section  of  the  cerebelluiu,  Bhowtni?  the  corj>us  dentatum.  The 
AliHcbeeio  carried  thnou^rh  the  left  latarol  part  of  the  pcm^,  .so  as  to  divide  iht>syperior  pe- 
tlDd  poM  QeArly  ihruuKh  the  mlildle  of  the  left  cert*bt? liar  hemisphere.  The  olivary  body 
Im>  been  divided  loQ^kudmally  so  as  to  expose  in  section  itA  cnrpus  dentfttum.  c  i-,  cms 
rJi  /,  fillet:  q,  corjiora  iiuadrliTemitia:  <p,  superior  peduncle  of  the  cereliellum  divided; 
biddle  pxHluncle  or  lateral  part  of  the  pons  Vftrolii,  with  fibres  pairing  fr«:>m  it  into  the 
stem;  n  i\  contiouatioti  of  the  v^hlte  stem  radlotinf?  toward  the  arbor  vi tat  of  tJie  folia*. 
BRKis  tleotatum;  o,  olivary  body  with  ita  corpus  dentatum;  p,  asterior  pyramid.     (Allen 

fa  section  be  taken  through  the  gray  matter  of  the  cerebellum,  it 
be  found  to  be  composed  of  two  layerSj  an  outer,  or  iDolecidar,  mvl 
ner,  or  granular,  layer.  Each  of  these  layers  eontaiua  a  large  mini- 
f  peculiar  shaped  nerve-cells,  and  ver}^  rich  plexuses  of  nerve-fibres, 
at  gtudiea  of  the  cortex  of  tlie  cerebellum  by  modern  methods  have 
led  a  moat  complex  aud  beautifu]  arrimgement  of  the  parts,  which 
lall  describe  briefly  here, 

bo  molecukr  layer  contains  two  kinds  of  cells,  one  largo  and  known 
irkinjTs  cells,  the  other  smaller  and  known  as  stellate  c^lls.  The 
of  Purkinj6  lie  along  the  internal  margin  of  the  laver,  being,  ir 
practically  at  tho  boundary  of  the  molecular  and  granular  layers. 
measure  40x30  jtt,  and  have  large,  round  nuclei.  Each  cell  givea 
1  enormous  number  of  branching  dendrites,  which  run  up  toward 
irface  of  the  cerebellum  in  the  sliape  of  a  bosh.  Each  little  branch 
off  from  the  side  em  all  buds,  which  are  called  tlie  gemmules  or 
a.  These  bran  chin  sf  dendrites  do  not  pass  up  altogether  like  the 
lieB  of  a  round  bush,  but  are  flattened  like  a  bush  that  has  been 
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a,  and  if  one  makea  a  section  down  throngh  the  centre  of  the  convo* 
jltion»  iu  its  longitutlinal  course,  a  side  view  of  the  cell  only  ia  ehown 
Bg.  401), 

The  cells  of  PurkinjS  give  of!  at  their  under  enrface  a  neuraxon 
|*liich  runa  down  iato  the  white  matter  of  the  cerebellum.  Lying 
bronghout  the  molecular  layer  are  tljo  etellate  cells,  which  are  ninch 
nailer  in  size,  and  which  give  off  a  number  of  dendrites  (tig.  388), 

Each  cell  has  al&o  an  axis-cylinder  (neuraxon)  and  this  Feuds  off  col- 
Iterals  which  end  in  a  fine  baskct-liko  network  which  surrounds  the 


Slelfate 

basket 
celt 


t 


molecufar 
layer 


granule 
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r*  *Jfi,--A,  AiTet^Dt  fibre  to  ImskeL  (stellate)  ceU;  B,  tteurazon  of  Purkiol^  cell;  C»  afferent 
t5bre  to  Purkiuj^  cell;  t\  affereut  imotiay)  fibre  to  graiiula  eelU 


y  of  the  cella  of  Purkinjo  (fig.  402),  On  this  account  they  are  some 
es  called  basket-cella.  Tliere  are  other  Btellate-shaped  cells  in  the 
ilecular  layer  which  lie  more  auperficially,  and  do  not  havethia  partic- 
T  connection  with  the  Purkinje  cella,  hut  appear,  however,  to  belong 
the  game  type. 

The  granular  layer  contains  a  large  number  of  very  amall  granular- 
s  cells  that  Golgi  was  the  first  to  show  were  really  nerve  cells*  They 
only  about  5/i  in  diameter,  and  they  have  a  number  of  short  den- 
otes which  end  in  clubbed  extremities.  They  give  off  a  very  fine  axis- 
inder  process  (neuraxut])  which  runs  np  into  the  molecular  layer  and 
re  divides  in  a  T-shaped  fuahion,  the  fibres  rouning  parallel  to  the 
*face  of  the  convolution  and  passing  in  between  the  branches  of  the 
Us  of  Purkinje.  There  are,  besides  these  granular  cells,  a  few  larger 
Us,  with  axia-cylinders,  that  divide  and  subdivide,  ending  in  a  finely 
faiifying  plexus.     These  are  known  aa  the  cells  of  Golgi.     They  are 

rnd  in  other  parts  of  the  brain. 
The  white  substance  of  tlie  cerehellum  consists  of  nerve-fibres,  which 
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are  of  three  kinds:  1st,  Deaconding  fibres,  that  are  made  up  of  tbeiik> 
cylinders  of  the  eel  la  of  PurkiDJe  carry  iDg  impulses  down  from  tbecne- 
beilar  cortex*     20,  Ascending  fibres,  which  pass  into  the  graaukrbvfT, 
and  there  end  in  a  nurab^ir  of  very  short,  finely  eplit  fibres,  presenting  i 
mossy  appearance,  BO  that  these  are  known  as  the  mossff  Jfbrfi.    Thflij 
connect  with  the  granular  cells  of  this  layer,     3d,  Ascending  fibres,  ¥ii(4  | 
pass  up  tlirough  the  granular  into   the  molecular  layer  and  there brdf] 
np  into  a  fine  network,  which  interlaces  with  and  coils  among  theproto* 
plasm ic  branch ua  of  the  cells  of  Purkinj^. 

It  will  be  seen  that  the  arrangements  for  the  traoamission  aad  diSs*| 
Bioo  of  Berye-impulsea  and  for  the  cooperation  of  different  cells  villi 
each  other  are  extremely  complicated  and  delicate,  as  would  be  needed  foe  J 
80  important  an  organ*  It  is  not  possible  to  indicate  absolutely  bjisf] 
scheme  the  course  of  fibres  and  tbo  course  of  impulses  through  tliecetfr  ] 
bellura,  but,  approximately,  it  is  somewhat  like  that  in  the  aceompanj* 
ing  figure  (fig,  402). 

Impulses  pass  up  along  those  ascending  fibres  called  '^mosBT**  tot 
granular  cells.  These  cells,  being  stimulated,  send  the  impulses  by  i 
axis-cylinders  to  the  molecular  layer,  and  through  their  T-shaped  dinfl 
ions  to  the  dendrites  of  the  cells  cf  Purkinje.  Thence  an  impak ill 
Bend  out  by  the  axis-cylinder  process  of  this  cell.  Other  ascending  iifi- 1 
pukes  are  brought  up  by  those  fibres  which  pass  to  the  molecular  laj«r| 
and  send  their  terminals  winding  around  among  the  dendrites  of  thticeOl] 
of  Purkinje.  Probably  impulses  pass  up  abo  through  the  ascend 
fibres,  and  affect  Ihe  etellate  cells,  and  tbrough  them  and  their 
like  terminals  the  cells  of  Purkinje, 

FirXCTIOXS   OF   THE    CEREBELLrM, 

(1.)  With  the  exception  of  its  middle  lobe,  the  cfrebeUum  in 
insejisible  to  irritation  and  may  be  all  cnt  away  without  eliciting  i 
of  pain  (Longet).     Its  removal  or  disorganization  by  disea^  k 
erallv  unaccompanied  by  loss  or  disorder  of  sensibility;  anln 
which  it  is  removed  can  smell,  see,  bear,  and  feel  pain,  to  i\]\ 
aucea,  as  perfectly  as  Iiefore  (Flourens;  Magendie).     It  cannot,  int^f^^j 
fore,  bo  regarded  as  a  principal  organ  of  sensation.     Yet,  if  anVfif  ijj 
crura  be  touched,  pain  is  indicated;  and,  if  the  restiform  tractici^ 
medulla  oblongata  hi  irritated,  the  most  acute  suffering  appears te I 
produced* 

(2»)  Co-ordination  of  Movements. — ^In  reference  to  motion,  tl 
ments  of  Longet  and  many  others  agree  that  no  irritation  of  ilii  .  -      - 
lum  produces  movement  of  any  kind.     Remarkable  resnlts,  however,  tfif^ 
produced  by  removing  parta  of  its  substance*     Flourens  (who?> 
ments  have  been  confirmed  by  those  of  Bouillaud,  Longet,  ani 
extirpated  the  cerebellum  in  birds  by  successive  layers.     Feebleness iw| 
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of  liarmooy  of  muscular  movements  were  the  conaeqiience  of  remov- 
he  superficial  layers.     When  he  reached  the  middle  layers,  the  aui- 

became  restless  without  being  convulsed;  their  movements  were 
at  and  irregular,  but  their  sight  and  hearing  were  perfect.     By  the 

that  the  Itist  portion  of  the  organ  was  cut  away,  the  animals  had 
ely  lost  the  powers  of  springing,  flying,  walkings  standing,  and 
rving  their  equilibrium.  When  an  animal  in  this  state  was  laid  upon 
ick,  it  could  not  recover  its  former  posture,  but  it  fluttered  its 
^  and  did  not  lie  in  a  state  of  stupor;  it  saw  the  blow  that  threatened 
m  endeavored  to  avoid  it.  Volition  and  sensation,  tlierefore,  were 
ost,  but  merely  the  faculty  of  combining  the  aetiona  of  the  muscles; 
;he  endeavors  of  the  animal  to  maintain  its  balance  were  like  those 
irunken  man. 

"he  experiments  afforded  the  same  results  when  repeated  on  all  clasaea 
imals;  and  from  them  and  the  others  before  referred  to,  Flourens 
red  that  the  oereljellum  belongs  neither  to  the  sensory  nor  the  intel- 
al  apparatus;  and  that  it  is  not  the  source  of  voluntiiry  movements, 
ugh  it  belongs  to  the  motor  apparatus;  but  is  the  organ  for  the  co- 
.atioii  of  the  voluntary  movements,  or  for  the  excitement  of  the  eom- 
'  action  of  muscles. 

ch  evidence  as  can  be  obtained  from  cas*?s  of  disease  of  this  organ 
rms  the  view  taken  by  Flourens:  and,  on  tlie  whole,  it  gains  sup- 

from  comparative  anatomy;    animals  whose  natural    movements 

re  moat  frequent  and  exact  combinations  of  muscular  actions  teing 

whose  cerebella  are  moat  developed  in  proportion  to  the  spinal 

Te  must  remember,  too,  that  the  cerebellum  is  connected  with  the 
rior  columns  of  the  cord  as  well  as  with  the  direct  cerebellar  tract, 
of  which  probably  convey  to  the  middle  lobe  muscular  sensations. 
iipo  connected  with  the  auditory  nerves  and  bulb  by  the  internal  and 
Bal  acute  fibres;  and  with  the  tegmentum  through  the  red  nuclei. 
>iinection  with  the  efferent  tracts  from  the  different  cerebral  lobes 
igh  the  pons  is  also  highly  important.  Movements  of  the  eyes  also 
r  OB  direct  stimulation  of  the  middle  lol>e.  It  seems,  therefore,  to 
►naected  in  some  way  with  all  of  the  chief  sensory  impulses  which 
to  do  with  the  maintenance  of  the  equilibrium,  and  is  generally 
ided  in  the  nervous  apparatus  which  is  supposed  to  govern  this  func- 
of  our  bodies, 

>TiUe  supposed  that  the  cerebellum  is  the  organ  of  musculnr  nense,  i.  e.  *  the 
I  by  which  the  mind  acquires  that  knowlpdge  of  the  actual  state  and 
ion  of  the  musclea  which  is  esaential  to  the  exercise  of  the  will  upcjn  them  : 
t  must  be  admittetl  that  all  the  facts  just  referred  to  are  as  well  explained 
IB  hypothesis  as  on  that  of  the  cerel>ellum  being  the  organ  for  combining 
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moTemeDts.     A  harmonioua  combinatioD  of  aniscnlar  actions  must  depend  u  \ 
much  OD  the  c^jiatnlity  of  appreciating  the  condttiou  of  the  muscles  with  Rgiffi 
to  their  tetiHioo,  and   to  the  force  witli  which  they  are  contracting*  afronlte  I 
power  which  any  special  nerve-centre  may  pOHsess  of  exciting  them  to  oootno* 
tion.     And  it  is  be<:^^use   the  power  of  such   harmonious  morement  would  ht  | 
et|ually  lo«*t,  whether  the  injury  to  the  cerebellum  inrolved  injury  to  tbt  sil 
of  muscular  sense,  or  to  the  centre  for  combining  muscular  actioos,  that  ex- 
peri  ment^^  on  the  subject  afford  no  proof  in  one  direction  more  than  the  oUmt. 

Forced  Movements. — The  influence  of  each  half  of  the  oerebeDQ 
is  directed  to  muscles  on  the  opposite  side  of  the  body;  and  it  wooUj 
appear  that  for  the  right  ordering  of  movements,  the  actions  of  it«  tit 
halves  must  be  alwayg  mutually  balanced  and  adjusted.     For  if  oneaf  iH  j 
crura,  or  if  the  pona  on  either  side  of  the  middle  line,  be  divided,  so  ii 
to  cut  off  from  the  medulla  oblongata  and  spinal  cord  the  influence  of  ooe 
of  the  hemispheres  of  the  cerebellum,  strangely  disordered  moTementi  I 
eufltie  (forced  movements).     The  animals  fall  down  on  the  side  oppostlj 
to  that  on  which  the  crus  cerebelli  has  been  divided,  and  then  roll  oiir] 
continuously  and  repeatedly ;  the  rotation  being  always  round  the  loin{ 
axis  of  their  bodies,  and  generally  from  the  side  on  which  the  injurrb*  | 
been  inflicted.    The  rotations  sometimes  take  place  with  much  rapidity; 
as  often,  according  to  Magendie,  as  sixty  times  in  a  minute,  and  nmlasi  I 
for  several  days.     Similar  movements  have  been  observed  in  men;  aikfl 
Serres  in  a  man  in  whom  there  was  apoplectic  effusion  in  the  right  cm] 
cerebelli ;  and  by  Bel  horn  me  in  a  woman,  in  whom  an  exostosis  pread  [ 
on  the  left  crus.     They  may,  perhaps,  be  explained  by  assuming  tbilj 
the  division  or  injury  of  the  crus  cerebelli  produces  paralysis  or  in 
feet  and  disorderly  movements  of  the  opposite  side  of  the  body;j 
animal    falls,  and    then,  struggling  with    the  disordered   side  on  I 
ground,  and  striving  to  rise  with  the  other,  pushes  itself  over; 
again  and  again,  with  the  same  act,  rotates  itself.     Such  moTementsf 
when  the  other  crus  cerebelli  is  divided;  but  probably  only  because 
paralysis  of  the  body  is  thus  made  almost  complete.     Other  varietitt  < 
forced  movements  have  been  observed,  especially   those  named  **  oil 
movements/*  when  the  animal  operated  upon  moves  round  and  round! 
a  circle;  and  again  those  in  which  the  animal  turns  over  and  over  ia 
series  of  somersaults*     Nearly  all  these  movements  may  result  on  i 
of  one  or  other  of   the  following  parts;  viz.,  crura  cerebri, 
pons,  cereljellum,  corpora  quadrigemina,  corpora  etriata,  optic  thi 
and  even,  it  is  said,  of  the  cerebral  hemispheres. 


Functions  of  the  Corpora  Quadrigehixa  and  Gbkiculah* 

The  corpora  quadrigemina  are  the  homologues  of  the  optic  lobaii 
birds,  amphibia,  and  ^hes.     The  anterior  pair  maybe  regarded  iBi 
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cipal  Derve-centrea  for  visual  eensations,  the  posterior  possibly  witb 

tory  sensation. 

Ihuiciions. — (1)  The  experiments  show  that  removal  of  the  anterior 
|K>ra  qiiiidrigemina  wholly  destroys  the  power  of  seeing;  and  diseases 
which  they  are  disorganized  are  iisoally  accompanied  by  biindness, 
h)phy  of  them  is  also  often  a  consequence  of  removal  of  the  eyes. 
BtTUction  of  one  of  the  anterior  corpora  quadrigemina  (or  of  one  optic 
e  in  birds)  produces  hemiopia  of  opposite  field  of  vision.  This  loss  of 
Jit  is  the  only  apparent  injury  of  sansibility  sustained  by  the  removal 
the  corpora  quadrigemina. 

The  (2)  removal  of  one  of  them  affects  the  movements  of  the  body, 
that  animals  rotate^  as  after  division  of  the  cms  cerebri,  only  more 
wly:  but  this  may  be  due  to  giddiness  and  partial  loss  of  eight. 
,  (3)  The  more  evident  and  direct  influence  is  that  produced  on  the 
l»  It  contracts  when  the  anterior  corpora  quadrigemina  are  irritated; 
i  always  dilated  when  they  are  removed  t  so  that  they  may  be  regarded, 

some  measure  at  least,  as  the  nervous  centres  governing  its  move- 
nts, and  adapting  them  to  the  impressions  derived  from  the  retina 
rough  the  optic  nerves  and  tracts. 

(4)  The  centre  for  the  co-ordination  of  the  movements  of  the  oyee  Ib 
K>  contained  in  them.     This  centre  is  closely  associated  with  that  for 
Itraction  of  the  pupil,  and  so  it  follow^s  that  contraction  or  dilatation 
lows  upon  certain  definite  ocular  movements. 
,  As  we  have  peen,  the  lateral  corpus  geniculatum  is  associated  on 

ler  side  with  the  anterior  corpus  quadrigeminum,  and  the  median 

lUs  geniculatum  with  the  posterior  corpus  quadrigeminum. 


iBT  OF  THE  Course  of  Motor  and  Sensoby  Impulses  Within 
THE  Cerebro-Spinal  Asis, 

Impulses  may  be  divided  into  (a)  those  which  pass  to  the  cerebro- 
[lal  axis  from  the  periphery  (afferent  or  centripetal  impulses) ;  (b) 
pe  which  pass  from  the  cerebro-spioal  axis  to  the  periphery  (efferent 
centrifugal  impulses;  (c)  those  which  pass  between  various  parts  of 
cerebro-spinal  axis  itself  (connectiog  or  intra  central  impulses). 
Afferent  impulses,  entering  the  cord  from  the  periphery  over  the 
;erior  spinal  nerve  roots,  may  be  brought  into  connection  with  effer- 
neurons  at  the  same  level  or  at  higher  or  lower  levels  by  collaterals 
lie  afferent  neurons  and  connecting  neurons.  In  this  way  cord  re- 
IB  may  be  brought  about.  Part  of  the  afferent  impulses,  entering 
cord,  pass  up,  without  interruption,  first  in  the  poster o-!aterul 
inn,  and,  later,  in  the  postero-median,  being  forced  into  the  postero- 


euG 


HANDBOOK   OF   PHTSIOtOOY. 


nsediaii  colurmi  &b  new  fibres  enter  the  postero-lateral,  to  the  naoki] 
gracilis  aiiJ  cuueatus,  where  their  axones  teniiiuate* 

Another  part  of  the  afferent  impulses  passes  into  the  gray  matter  d  I 
the  corti,  anil  by  means  of  another  series  of  neurons,  which  takei  then 
npj  is  passed  over  to  the  other  side  of  the  cord  and  thus  up,  eiiiier  on 
the  same  side,  or  first  on  one  side  and  then  on  the  other»  uutil  tbf  i 
dulk  is  reaehod.     Here  in  the  nuclei  gracilis  and  eoDeatus,  all  tioml 
whiiii  have  conducted  sensory  impulses  from  tlie  curd   below  teriuiitsti,] 
and  the  impulses  are  carried  up  by  new  sets  of  fibres  whose  cell  bodi^flfl 
origin  form  these  nuclei.     A  large  strand  of  axones  from  thest'  iiQcIil| 
passes  over  to  the  opposite  side  of  the  medulla,  forming  the  i  utensil  J 
arcuate  fibres  of  the  formatio  reticularis,  and  then  pases  np  in  the  I 
of  the  posterior  pyramids,  behind  the  motor  fibres  of  the  anterior] 
niids,  which  are  carrying  impulses  down.     The  sensory  impubes 
continued  up  in  the  posterior  part  of  the  crura  cerebri,  a  large j 
passing  to  the  optic  thalami,  where  they  are  transferred  to  another « 
neurons,  by  which  they  are  carried  to  the  sensory  areas  of  the  cen 
cortex*     Others  are  carried  up  to  the  sensorium,  through  the  \mU 
limb  of  the  internal  capsule,  and  thence  through  the  corona  mi iati 
without  further  interruption. 

TJie  nuclei  gracilis  aud  cuneatns  are  also  connected    through 
restiform  body  or  inferior  cerebellar  peduncle  with  the  gray  matter  ( 
the  cerebellum  of  the  same  side*     By  means  of  several  relays  of  mu 
such  sensory  impulses  as  have  passed  to  the  cerebellum  may  eventi 
reach  tiie  cortex  of  the  opposite  cerebral  hemisphere  through  the  mid 
cerebellar  peduncle  aud  pons,  and,  also,  through   the  superior  cereb 
peduncle.     Thus  the  cerebellum  may  form  another  indirect  slten 
pathway  for  the  passage  of  sensory  impressions  to  the  cerebrum. 

The  cerebellum,  also,  is  probably  brought  into  relation  with  i 
impulses,  reaching  the  cord  from  the  periphery,  by  means  of  the< 
Clark's  column  and  the  direct  cerebellar  tract.     * 

Motor  impulses  originating  in  the  cells  of  the  motor  areas 
cerebral  cortex  are  carried  down  witliout  interruption  by  theaionesl 
these  cells,  forming  the  motor  pathways.     These  are  found  in  the! 
ous  portions  of  the  brain,  medulla,  and  cord  in  relation  with  other  | 
as  follows:  First,  they  form  a  part  of  the  corona  radiata  which, < 
Terging  between  the  optic  thalamus  and   the  caudate   and   leatid 
nuclei  of  the  corpus  striatum,  form  the  middle  portion  of  the  int 
capsule.     Below  this  point  they  are  continued  as  the  anterior] 
the  crura  cerebri.     Thence  they  pass  behind  and  through  the 
fibres  of  the  pons  and  in  front  of  the  fibres  carrying  sensory  impulseij 
Below  the  pous,  the  mass  of  fibres  becomes  visible  as  the  anterior 
mids.     At  the  lower  portion  of  the  medulla,  the  larger  internal  ] 


Iieae  pyramidal  fibres  crosa  dowDwuril  and  backward  to  the  opposite 
MCj  aud  are  found  below  this  point,  as  the  crossed  pyramidal  tracts,  in 
ie  lateral  colimiiiS  of  the  cord.  The  renmining  smaller  portions  of  the 
yramidal  fibres  are  con tiinted  down  on  the  same  aide  and  converge  to 
Drm  the  direct  pyramidal  tracts  on  each  aide  of  the  anterior  median 
JBure  in  the  anterior  columns  of  the  cord. 

The  crosijfid  pyramidal-tract  fibres  terminate  at  various  levels  of  the 
ord  and  transfer  their  impulses,  without  further  crossing,  to  the  motor 
fitiroiis,  whose  cell  bodies  of  origin  lie  in  the  anterior  horns  of  gray 
latter,  and  wiiose  axones  carry  the  impulses  to  the  periphery.  The 
irect  pyramidal-tract  fibres  cross  over  at  various  levels  of  the  cord  by 
iy  of  the  anterior  white  commissure^  and  terminate,  in  the  same  way, 
lout  cell  bodies  of  efferent  neurons  in  the  anterior  horn  of  the  opposite 
ide. 

Although  the  hirge  majority  of  motor  impulses  from  either  cerebral 
isphere  cross,  eventual h%  to  the  opposite  side  of  the  cord,  a  few  are 

itributed  by  uncrossed  fibres  running  in  the  lateral  columns  to  the 
,de  of  the  cord, 
er  possible  path  way s^  for  motor  impulses  from  the  cerebrum,  are 

Tarious  relays  of  neurons  through  (ft)  the  optic  thalamus,  the  nucleus 

bra,  superior  cerebellar  peduncle,  opjiosite  cerebellar  cortex  and  cord 
descending  cerebellar  fibres;    (if)  corpns   striatum,   pons,   opposite 

ebellar  hemisphere  and  cord.     It  is  also  possible  that  the  cerebellum 

es  part  in  co-ordinated  motor  reflexes  without  the  intervention  of  the 

ebrum. 


The  Sympathetic  System, 

Having  in  the  preceding  chapters  completed  the  description  of  the 
ibro-spinal  nervous  system  proper,  there  remain  to  he  considered 
structnre  and  functionaof  the  so-called  Sympathetic  nervous  system, 
id  to  this  it  is  now  necessary  to  direct  attention. 
It  should,  however,  be  distinctly  borne  in  mind  that  the  cerebro- 
inal  and  sympathetic  systems  are  not  distinct  from  each  other*  The 
fcration  of  the  one  from  the  other  may  be  considered  to  be  purely  for 
sake  of  convenience. 

IXstributum, — It  consists  of:  (1)  A  double  chain  of  ganglia  and 
sa^  which  extends  from  the  cranium  to  the  pelvis,  along  each  side  of 
vertebral  column,  and  from  which  branches  are  distributed  both  to 
cerebro-spinal  system,  and  to  other  parts  of  the  sympathetic  system. 
^h  these  may  be  included  the  small  ganglia  in  connection  with  those 
Dches  of  the  fifth  cerebral  nerve  which  are  distributed  in  the  neigh- 
lood  of  the  organs  of  special  sense:  namely,  the  Ophthahnky  Oiic^ 


HANDBOOK  OF  PHTSIOLOOY. 


Sphetuhpalatine  and  SuhmoTtllary  ganglia.  (2)  Variooa  gangiii  vA  \ 
plexuses  of  nerve-fibrea  which  give  off  branches  to  the  thoracic  and  ab- 1 
dominal  viseera,  the  chief  of  such  plexuses  being  the  Cardiac^  S^ar^  i 
and  Hypogastric;  but  in  intimate  connection  with  these  are  many  secoiui- 1 
arj  plexuses,  as  the  Aortic^  Spemmtic^  and  Renal.  To  these  pleiiiies, 
fibres  pass  from  the  prsevertebral  chain  of  ganglia,  as  well  as  bom  cerebro- 1 
spinal  nerves.  (3)  Various  ganglia  and  plexuses  in  the  sabetanoe  dj 
many  of  the  viscera,  as  in  the  Stomachy  Intestines^  and  Unnmy  i 
These,  which  are,  for  the  most  part,  microscopic,  also  freely  comnmni*! 
cate  with  other  parts  of  the  sympathetic  system,  as  well  aa,  to  someesj 
tent,  with  the  cerebro*spina].  (4)  By  many,  the  ganglia  on  the  j 
terior  roots  of  ike  spinal  nerves,  on  the  OlosBophanfngml  and  Va^ui,  1 
on  the  Sensory  root  of  the  Fifth  cerebral  nsrve  (GasBerian  ganglion),  i 
also  included  as  sympathetic-nerve  structures. 

Classijication. — Gafikell's  researches    have  suggested    a    conven 
classification  for  the  sympathetic  ganglia  into:  (1.)  The  main  evmp 

thetic  chain,  extending  from  abonj 
downward,  in  the  form  of  oonnectd] 
ganglia  lying  upon  the  bodies  of 
vertebrae,  which  may  be  called 
or  vertebral  ganglia.  (2,)  A  more  i 
less  distinct  chain,  prtevertebral 
position,  consisting  of  the  semi-lir 
inferior  mesenteric  and  similar 
uses,  which  may  be  called  prseve 
or  collateral  ganglia.  (3.)  Ga 
situated  in  the  organs  and  tianiei  t)i«n'l 
selves,  called  terminal  ganglia.  {i)\ 
The  ifanglia  of  the  posterior  rook  of  ttaj 
spiniil  nerves  (see  fig.  403). 

The  connection  between  tlieeepAJtil 
is  as  follows:  the  visceral  branch  tf  I 
ramug  com  muni  cans  of  each  qMl 
nerve,  which  is  one  of  the  dlvisia 
of  a  typical  spinal  nerve~tho  otij<c»| 
being  the  dorsal  and  ventral— p 
first  of  all  into  the  lateral 
from  this  chain  branches,  rami 
enies^  pass  into  the  collateral  ganglia^  and  from  these  again 
branches  pass  oil  into  the  organs  to  end  in  the  terminal  gaogluL 
the  thoracic  region  the  rami  communicantes  are  composed  of 
parts,  white  and  gray.  The  former  cftn  be  traced  backward  into  I 
spinal  nerve-roots  of  their  corresponding  spinal  nerve;  and  in  ihei 


FIjr.  408.— Schem**  of  thi»  ciirijttltutlon  of 
ttie  wlilte  ramus  wmn*ufit«  uns  of  ih*j  sym- 
patbKIr,  Tho  nmta  mud  lrunk«  of  a  tiplDal 
Denif  an?  shown,  wlUi  thi^  wblt4>i  roiiiuM 
PHaHloj?  tM>cweea  tlie  tplnal  nt^rvi^  ant)  a 
8yiiipitIif!itJ<?  Kmag'noD,  SV'    <CuooliifrI)iLtii.) 


L— 8**hpiiie  of  tbe  constitution  and  iTiuniytloiw  of  fmnu^ial^  cord  ot  the  aympattietlc.    Tho 
I  c-rird  iH  ind4('»UKl  on  the  rljrhl,  wlili  the  ttrnintf*'irH'ni  <•(  Obre«  nrlslnji  from  fc&nttllan  cella. 
.  thv  To*ji8  und  trunks  of  ihv  spltml  nerves  ure^  fi!}«i\vD,  wltb  Lb€>  arraoKemeDt  of  (Jne  white 
QuaUiuw  litKive  and  itoe  (fray  mmiw  tttlow.     iCuDuiDgiiam.) 


iches  go  dowDWrtrd  into  the  lumbar  and  aacral  plexuses.     The  gra^ 
ii  of  all  the  Bpiiml  uerves  are  the  only  apparent  representatives  of  the 

Krai  branelies  in  the  regions  libove  the  2nd  thoracic  nerve-root,  and 
f  the  2nd  lumbar  nerve-root,  with  the  exception  of  the  roots  of  the 
land  3rd  sacral  nerves,  which  have  also  white  rami,  nnd  consist  of  non- 
liillated  fibres,  and  pass  from  the  ganglia  to  he  distributed  chiefly  to 
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the  spinal  column,  to  the  spinal  membranes  and  to  the  spinal  nenwwte 
themselyes.     We  must  look  upon  the  white  rami  then  as  the  nvxai  | 
branch  ea  proper, 

A  peculiarity  in  the  structure  of  these  white   mednllat«d  Tiacenl 
nerves  is  the  fineness  of  their  fibres*     They  are  a  third  or  a  fourth  iilii» 
diameter  of  ordinary  meduUated  fibres,  measuring  l.S;*  to  "2,T/i  instwJ 
of  14.4/i  to  19/1,     Such  fibres  are  a  peculiarity  of  the  spinal  ne^T^^o(ftl 
chierty  in  the  thoracic  region,  but  they  arc  also  found  in  the  second i 
third  sacral  nerves,  and   constitute  there  the  nervi  erifjeniet  which  1 
directly  to  the  hy|iogastriti  plexus,  and  not  first  of  all  into  the 
chain.      From    this    plexus    branches    pass  upward    into  the  infei 
mesenteric  ganglia  and  downward  to  the  bladder,  rectum  and  \ 
organs.     These  nerves,  called  by  Gaskell  pelvic  splanchnic  nerrw,  { 
from  the  rami  viaceralea  of  the  thoracic  region  only  in  not  cornmnD 
ing  with  the  lateral  ganglia;  the  branches  which  pass  upward  fmml 
thoracic   region   to  the    neck,    ho   calls    cervical  splanchnicjt^  and  thij 
flplanchnicg  proper  ahdamiiial  splanrhnic^.     The  white  rami  riscentefl 
the  upper  cervical  and  cervico-eranial  regions  do  not  run  with 
corresponding  gray  rami,  but  form,  Gaskell  thinks,  the  internal 
of  the  spinal  accessory  nerve,   which  contains  small    medullaied  fib 
similar  to  those  of  the  visceral  branches  in  the  thoracic  region.    Thkl 
branch  piks^es  into  the  ganglion  of  the  trunk  of  the  vagus.     Sm:*l^  vl^^Yri[^ 
fibres  exist  too  in  the  roots  of  the  vagus,  and  in  those  of  the  glos.- 
geal  in  connection  with  the  ganglion  of  tlie  trunk  and  ganglion  ptiir^^uo,^ 
as  well  tis  in   the  chorda  tynipani,  in  the  small  petrosal  and  lu  otl 
cranial  visceral  nerves. 

Fnnctionii, — The  researches  of  Gaskell  have,  however,  done  much' 
clear  np  the  former  confusion  as  to  the  fuxictions  of  the  sympath*^ 
and  in  the  following  account  the  description  of  the  functions,  ui 
by  that  observer,  is  followed* 

The  efferent   ntrro  filftrs   of  the  sympathetic  system  eopplyW' 
muscles  of  the  vascular  system,  to  which  they  send  vaso-motorf 
i.r*,  raso-coHSirictor  and  cnnliac  aiujmenlor  or  accelerator^  and  v* 
hibitory  fibres,  i.e,^  vaso-dilator  and  cardiac  inhibiionj;  {h)  the 
muscles,  to  which  they  send  both   viacero-moior  and  viscero-inhih 
fibres,     (c)  The  secretory  gland-cells. 

(a)  i.  Vaso-motor  ur  Vam-voHdrivturvkU^  Cardio-angm^ntor  F^f^A 
The  VMSo-motor  nerves  for  all  ptirts  of  the  body  come  from  the  central  I 
vons  system,  and  pass  out  from  the  spinal  cord  in  the  white  rami  rii 
of  the  thonicic  region  from  the  second  thoracic  to  the  second  lumban 
roots  inclusiye,  as  fine  medullated  fibres;  they  then  pass  to  the  latert*^ 
main  sympathetic  chain,  become  non-medullated,  and  aredi^t^ibot( 
their  muscles  either  directly  or  through  terminal  ganglia.     Thus  tbaii! 
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tor  nerves  of  the  heart  arise  in  the  thoracic  ram!,  pass  upward 
ogh  the  ganglion  stellatum  (first  thoracic  ganglion),  the  annulus  of 
tssens  and  the  inferior  cervical  ganglion,  and  are  distributed  to  the 
t;  the  Tiiso-niotor  roots  of  the  brachial  plexus,  in  the  anterior  roots 
be  second  and  lower  tlioracic  nerves,  and  reach  that  plexus  by  the 
>  ganglion;  the  vaso-motor  nerves  of  the  foot  leave  the  spinal  cord 
up,  and  reach  the  sympathetic  lateral  ganglia  ahove  the  origin  of 
teiatic  nerve,  into  which  they  pass  through  the  abdominal  sympa* 
c.  In  all  cases  tlie  nerves  lose  their  medulla  in  the  ganglia* 
larly  the  vaso-motor  nerve  supply  for  the  blood-vessels  of  the  head 
ueckandof  the  abdomen  is  derived  from  the  cervical  and  abdominal 
lAjiics  respectively,  or  from  the  corresponding  rami  efferentes  of 
Qlper  Inmhar  ganglia. 

fhe  lateral  sympathetic  chain  Gaskell  proposes  to  call  the  chain  of 
'motor  ganglia, 

?or  the  distribution  of  sympathetic  fibres  to  the  heart,  see  fiff.  378, 
i.  VasO'inhihUory  or  Vaso-diktior^  and  CardiO'inhilniorg  Fibres* — 
ihese,  wdiich  are  doubtless  as  widely  distributed  as  the  vaso-motor 
B,  we  have  distinct  proof  in  the  existence  of  fibres  separate  from 
*motor,  e,g*t  in  the  inhibitory  nerve  of  the  heart,  the  cardi o- vagus ; 
le  chorda  tympani ;  in  the  small  petrosal,  and  in  the  nervi  erigentes. 
?hese  nerve-fibres,  ?is  far  as  we  know  at  present,  leave  the  central 
ons  system  among  the  fine  medullated  nerves  of  the  cervico-craniai 
Bpal  rami  communicantes,  do  not  enter  the  lateral  ganglia,  but 
Brithout  losing  their  medulla  into  the  collateral  or  terminal 
lia. 

&.)  i,  Visrero-motor  Fibres* — These  fibres,  upon  wliich  depend  the 
rtaltic  movements  of  the  thoracic  portion  of  the  a!sophagus,  and  of 
itomach  and  intestines,  arise  from  the  central  nervous  system,  as 
be  medullated  fibres  of  the  upper  portion  of  the  cervical  region,  not 
be  spinal  nerve-roots  of  that  region,  but  as  the  bundles  of  fibres 
h  may  be  called  the  rami  viscerates  of  the  vagus  and  accessory  nerves, 
r  pass  to  the  ganglion  of  the  trunk  of  the  vagus,  wliere  they  lose 
'  medulla. 

i  Viacero-InMbitorg  Fibres, ^It  appears  that  the  nerve  supply  to 
iircular  muscles  of  the  alimentary  canal  and  its  appendages,  is  con- 
d  in  the  abdominal  aphmclinics,  and  consists  of  those  fibres  which 
not  passed  through  the  lateral  chain,  and  which  therefore  retain 
medulla  until  tbey  reach  the  proximal  or  collateral  chain. 
;.)  Glandular  Nerve- Fibres, — A  double  nerve  supply,  in  all  proba- 
f  coinciding  with  the  supply  to  the  visceral  muBcles,  has  been 
mstrated  in  the  cases  of  the  submaxillary,  parotid,  and  lachrymal 
Is,  and  in  these  eases  the  course  of  the  fibres  is  very  similar  to 
of  the  corresponding  fibres  for  the  vasn-muscuhir  supply.     Thus 
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the  symptithetic  Bupplj  for  the^e  glands  passes  along  with  the 
motor  fibres  from  the  cervical  splanchnic  (or  sympathetic  irunkjii 
BUperior  ceryical  ganglion;  while  the  oerebro-spinal  supply 
the  rami  viaceralea  of  the  cranial  nerves  in  conjunction  with  the 
dilator  fibres. 

Central  Origin  of  the   Rami  Visceralss, — There  apjiears  to  be  I 
strongest  pre-sumption  that  the  white  rami  of  the  thon&cic  regioD  i 
in  the  spinal  cord  in,  or  are  connected  with,  the  cells  of  the  | 
veaicnlar  column  of  Clarke.     This  conclusion  is  based  upon  the  hoif 
these  special  cells  are  found  in  the  three  regions  already  mentioned^! 
in  those  only  where  the  white  rami  of  fine  medullated  fibres  exi^i 
in  the  cerTico-craniul  regions,  in  the  spinal  accessory,  in  thel 
region,  and  in  the  sacral  region.     But  it  is  probable  that  the  fibro^i 
also  connected  with  the  cells  of  the  lateral  horn  of  the  gray  matter d 
the  spinal  cord,  and  its  representative  in  the  medulla,  the  ant^ro^li 
nucleus  of  Clarke, 

In  a  paper  gupplementaiy  to  his  first  account  of  the  symp 
system,  Gaskell  traced  the  nerve  fibres  of  the  anterior  nerve  roots tel 
various  groups  of  nerve  cells  in   the  spinal  cord  thus:     (i*) 
nerves  to  somatic  muscles  arise  from  group  of  cells  of  anterior 
(ii.)  efferent  nerves  to  striated  sphiuehnie  muscles  from  cells  of  that 
tus  interniediD-lateralis.      (iii.)  Annljolic  or  inhibitory  nerves  tof 
muscles  of  viscera,  and  vessels  of  splanchnic  system  from  cells  of  ClirWj 
column;  (iv. )  motor  nerves  to  visceral  muscles  from  solitary  cell* I 
base  of  the  posterior  cornu ;  and  (w)  motor  or  catabolic  nerves  toj 
and  vascular  muscles  from  small  cells  of  the  lateral  cornu. 

Structure  and  Functions  of  the  Ganglia.— ^The  gnmp 
ganglia  all  contain^ — (1.)  nervc-libres  traversing  them;  (2,)  nerrfr 
originating  in  them,  (3.)  nerve  or  ganglion-corpuscles,  giving  originl 
these  fibres;  and  (4.)  other  corpuscles  that  appear  free.     In  the  i 
pathetic  ganglia  of  the  frog,  ganglion-cells  of  a  very  complicated  i 
ture  have  been  described  by  Beale,  and  subsequently  by  Arnold, 
cells  are  inclosed  each  iu  a  nucleated  capsule:  they  are  pyriform  infi 
and  from  the  pointed  end  two  fibres  are  given  off,   which 
acquire  the  characters  of  nerve-fibres,  one  of  them  is  straight,  «iJ^ 
other  (which  sometimes  arises  from  the  cell  by  two  roots)  is  ^ir 
coiled  around  it. 

According  to  Gaskell  the  functions  of  the  main  sympathetic  j 
are  the  following: — (L)  They  effect  the  conversion  of  medullated  ill 
non-medullated  fibres;  (2.)  They  possess  a  nutritive  influence owy 
nerres  which  pass  from  them  to  the  periphery;  (3.)  They  inc 
number  of  fibres  at  the  same  time  as  they  cause  the  removal 
medulla.     As  regards  their  possession  of  the  usual  properties  of  i 
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Itres  little  or  nothing  is  certainly  known.     It  appears  unlikely  that 
k  possess  the  rullex  functions  of  the  spinal  centres. 
[As  a  contribution  toward  the  explanation  of  the  nervous  mechanism 
nutrition  eomes  in  Gaakell's  theory  ul  kaiaholic  and  anaboliv  nerves. 
I  supposes  that  every  tissue  is  supplied  with  two  sets  of  nerves,  the 
|ner  of  which  corresponds  with  the  motor  nerve>  the  viscero-motor 
t  the  card ip-augnien tor,  by  the  Btimulation  of  which  an  increase  of 
[ metabolism  takes  place,  and  which  is  followed  by  exhaustion.     It 
r  be  accompanied  either  by  contraction  of  a  muscle  or  by  an  increaae 
lontniction.     Such  a  nerve  is  excellently  illustrated  by  the  sympa- 
lic  augmentor  or  accelerator  ncrvo  of  the  heart,  on  stimulation  of 
h  an  increase  in  the  force  and  frequency  of  the  heart  takes  place, 
iwed  after  «  time  by  exhaustion.     A  katabolic  nerve  stimulates  the 
ctive    metabolism  which   is  always  going    on  in  a  tissue.     The 
ilic  nervo  is  the  exact  opposite  of  the  katabolic  nerve  in  function, 
(ubserves  constructive  metabolism.     Stimulation  of  the  nerve  pro- 
diminished  activity,  repair  of  tissue  and  building  up.     An  exam- 
thia  kind  of  nerve  is  seen  in  the  cardiac  vagus,  stimulation  of 
produces  inhibition*     Inhibition  must  generally  be  looked  upon 
anabolic  process. 
!t   will  be  seen  that  the  results  of  stimulation  of  the  nerves  to  the 
fnry  glands,  discussed  in  a  former  chapter,  appear  to  support  the 
«y,  that  the  processes  of  constructive  and  destructive  metabolism 
linder  the  control  of  separate  nerve-fibres.     In  the  case  ol  the  sub- 
illary  gland  for  example,  if  the  sympathetic  libres  he  stimulated,  a 
lie  effect  is  produced,  and  the  materials  of  secretion  are  formed  at 
ixpense  of  the  protophisra   (this  action  in  the  case  of  the  gland 
enhain  calls  trophic);  if  on  the  other  hand  the  chorda  tympani  or 
tory  nerve  be  stimulated,  two  tilings    happen,  one  being  the 
arge  of  water  and  the  materials  of  secretion  from  the  gland  cells, 
the  other  the  buihliog  up  or  reconstruction  of  the  protoplasm  of  the 
A  part  of  this  action  at  any  rate  is  anabolic,  and  similar  to  the 
of  inhibitory  nerves. 
43 


OttAPTER    XVH 

fH£   SEIfEES. 

General  0(meiiera$ifm$, — ThTmifh  the  medium  of  tbe  nerrmiB  ej^ 
tern  the  mind  obtaioa  a  knowledge  of  the  existence  both  of  tiir  i^ru/u^ 
parts  of  the  body,  and  of  the  external  world.  This  kuowlvdge  is 
apon  eeneatiane  raialting  from  the  siimulation  of  oort<|io  ceutnaii  iitb 
bniiiiy  by  irritations  conyejed  to  them  bj  alEereut  nerves.  Under  nonnd!! 
oironmstances,  the  foUowiug  fitructures  are  necBB&jirj  for  e^^ng^ntmn:  (4 
A  peripheral  organ  for  the  reception  of  the  ItiiprBSgioo;  {h)  amnvht 
condnoting  it;  (c)  a  nerve-ct^ntre  for  feeling  or  perceiving  it 

Obusificaiion  of  Srnmtuni^, — ^Senaatione  umj  be  cotiTeaiently  ciiunl 
as  (1)  common  and  (^)  special. 

(1.)  Common  Sensations.— Uiider  this  head  fall  all  thoR  pn^ni 
sensations  which  cannot  be  distinctly  localised  in  any  particular  pail 
the  body,  such  as  faiigue,  dkcmn/Qti^  fainimM,  miiei^^  together  n 
hunger  Mid. thirst,  in  which,  in  addition  to  a  general  discomfort,  tjiau 
in  many  persons  a  distinct  Bensation  referred  to  the  stomach  or  h\\o^ 
In  this  class  must  also  bo  placed  the  Tarious  irritations  of  the  uKiii* 
membrane  of  the  broochi,  which  give  rise  to  coughing,  antl  i\l*^  i^^ 
sensations  derived  from  various  viscera  iodieating  the  necessity*! 
pelling  their  contents;  e.g.^j  the  desire  to  defaeeate,  to  urinate, bb^I 
the  female,  the  sensations  which  precede  the  expulsion  of  tb  f< 
We  must  also  include  such  seasations  as  itching,  creeping,  ti^l^ 
tingling,  burning,  aching,  etc»,  some  of  which  come  nttder  the  bill 
pain:  they  will  be  again  referred  to  in  describing  the  tactile  ieme^ 
is  impossible  to  dniw  a  very  clear  lino  of  demarcation  between  u 
the  common  sensations  above  mentioned,  and  the  senso  of  touofai 
forms  the  connecting  link  betwoon  the  general  and  special 
Touch  is,  indeed,  usually  chissed  with  the  special  senses,  and  till 
considered  in  the  same  group  with  them;  yet  it  differs  from  l!«* 
being  common  to  many  nerves.  Amou^^  common  sensatioue  some 
rank  the  muscular  sense,  which  has  been  already  alluded  to«  1^ 
means  of  this  sense  that  we  become  aware  of  the  condition  of  tbe 
cles,  and  thus  obtain  the  information  necessary  for  their  adjustoa 
various  purposes — standing,  walking,  grasping,  etc.  This  moi 
sensibility  (to  which  we  shall  again  re|er)  is  shown  in  our  power  to 

674 


I 


THE   SENSES. 


675 


tttio  differences  between  weights  by  the  tlifferent  miisrulur  offurts 
iry  to  niise  them.  It  mnst  bo  carefully  dii^tiiigiiished  from  the 
le  of  contact  and  of  preissure,  of  which  the  skin  i»  the  orgun.  When 
idiDg  erect,  we  can  feel  the  ground  (contuct)^  and  further  there  is  h 
te  of  pressure,  doe  to  our  feet  being  pressed  against  the  ground  by 
weight  of  the  body*  Both  these  are  derived  from  the  akin  of  the 
t  of  the  foot.  If  now  we  raise  the  body  on  the  toes,  we  are  conscions 
iBCular  sense)  of  a  mnscnlur  cITort  made  by  the  muscles  of  the  eiilf, 
ch  overcomes  a  certain  resistance* 

(2.)  Special  Sensations* — Inclu<Hng  the  fcienec  of  toneh,  the  special 
les  are  live  in  iinndier — Touch,  Taste,  Smell,  Hearing,  iSight 
[The  most  important  distinction  betv\'een  connnon  and  special  sensa- 
iE  is  that  by  the  former  we  are  n)ade  aware  of  certain  conditions  of 
lous  parts  of  our  bodies,  while  from  the  latter  we  gain  our  knowledge 

ifae  external  world  also,     Thia  dilference  will  Ijc  clear  if  we  compare 

\ 

feensjitions  of  pain  and  touch,  the  former  of  which  is  a  common,  the 
fr  a  special  sensation.  **  If  we  place  the  edge  of  a  sharp  knife  on 
BkiOf  we  feel  the  edge  by  means  of  our  sense  of  tonch;  we  perceive 
isution,  and  refer  it  to  the  object  which  hiis  cansed  it.  But  as  soon 
je  cut  the  8kin  with  the  knifcj  we  feel  pain,  a  fieling  which  we  no 
pr  refer  to  the  cutting  knife,  but  which  we  feel  within  ourselves, 
(which  commnnicates  to  ns  the  fact  of  a  (change  of  condition  in  our 
body.  By  tln.^  scnwatiun  of  pain  we  are  neither  able  to  recognize 
Dbject  which  cansed  it,  nor  its  nature.*' 

In  studying  the  phenomena  of  sensation,  it  is  important  clearly  to 
ferstand  that  the  .stnmrium^  or  scat  of  eensiition,  is  in  the  brain,  and 
In  the  particular  organ  through  which  the  sensory  impression  is  re- 
in common  parlance  we  are  said  to  see  with  the  eye,  hear  with 
etc.,  but  in  reality  these  organs  are  only  adapted  to  receive 
►asions  which,  being  conducted  to  the  Bensorium,  through  their  re- 
ive nerves  give  rise  to  sensation, 
ence,  if  the  optic  nerve  is  severed,  vision  is  no  longer  possible: 
I  although  the  inuige  falls  on  the  retina  as  before,  the  sensory  im- 

Eion  can  no  longer  lie  conveyed  to  the  sensorium.  When  any  given 
tion  is  felt,  all  that  we  can  with  certainty  aftirm  is  that  some  part 
le  brain  is  excited.  T!ie  exciting  cause  may  be  some  object  of  the 
iMial  world,  jiroducing  an  ok/rrfive  sensation;  or  the  condition  of  the 
Wiuni  nuiy  ha  due  to  some  excitement  within  the  brain  itself,  in 
Sh  case  the  sensation  is  termed  sifbjecirvc.  The  mind  habitually  re- 
aensations  to  external  causes;  and  hence,  whenever  they  are  subjec- 
We  can  lumlly  divest  ourselves  of  tlio  idea  of  an  external  cause,  and 
lusion  is  the  result. 
^iiinberlees  examples  of  such  illusions  might  be  quoted.     Ai  fmuiliax 
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cases  maybe  meTjiioned,  bumming  and  buzzing  in  the  ears  cAued  hr 
some  irritation  of  tho  auditory  nerve  or  centre,  and  even  rausicAl  soantli 
iind  voices  (sometimes  termed  auditory  spectia) ;  also  so-called  uptial 
illusions;  objects  are  described  as  seen*  although  not  present  Such 
iUugions  are  moist  strikingly  exemplified  in  cases  of  deliriun)  trcmeitfar 
other  forms  of  delirium,  and  may  take  the  form  of  cats;,  rats,  creeping 
loathsome  forms,  etc* 

Causes  of  lUmions. — One  uniform  ifUirnal  caoae,  which  maytclai 
all  the  nerves  of  the  senses  in  the  same  mHiiuer,  is  capillary  coogestiaiL 
This  one  cause  excites  in  the  retina,  while  the  eyes  are  closed,  thflfien* 
ions  of  light  and  luminous  (lashes;  in  the  auditory  nerve,  the 
of  humming  and  ringing  sounds;  in  the  olfactory  nerve,  the 
odors;  and  in  the  nerves  of  feeling,  the  sensation  of  pain*  In  I 
way,  al^,  a  narcotic  substiince  introduced  into  the  blood,  excitoe 
nerves  of  each  sense  peculiar  symptoms:  in  the  optic  nerves,  the 
ance  of  luminous  sparks  before  the  eyes;  in  the  auditory  nerves,  rt 
nurium;  and  in  the  common  sensory  nerves,  the  sensations  of 
over  the  surface.  So,  also,  among  external  causes,  the  atimalus 
tricity,  or  the  mechanical  influence  of  a  blow,  concussion,  or  p 
excites  in  the  eye  the  sensation  of  light  and  colors;  in  the  ear, 
of  a  loud  sound  or  of  ringing;  in  the  tongue,  a  saline  or  acid  taste; 
in  the  other  parts  of  the  body,  a  perception  of  peculiar  jarring  or  of 
mechanical  iinpression,  or  a  shock  like  it. 

Experiments  seem  to  have  proved,  however,  that  none  of  the 
of  special  sense  possess  the  faculty  of  common  sensibility. 

Perceptions. — The  habit  of  constantly  referring  our  sensations  to 
ternal  causes,   leads  us  to    interpret  the  various   modificatioDS 
external  objects  produce  in  our  sensations,  its  projwr ties  of  the 
bodies  themselves.     Thus  we  speak  of  certitin  substances  ^is 
disagreeable  taste  and  smell ;  whereas,  the  fact  is,  their  taste  and 
are  only  disagreeable  to  ns.    It  is  evident,  however,  that  on  this 
of  referring  our  sensations  to  causes  outside  ourselves  (i>erception)i' 
pends  the  reality  of  the  external  world  to  us;  and  more  especially 
the  case  with  the  senaes  of  touch  and  sight*     By  the  co-operai 
these  two  senses,  aided  by  tho  others,  we  are  enabled  gradually 
tain  a  knowledge  of  external  objects  which  daily  experience  coJ 
until  we  come  to  place  unison nded  confidence  in  what  is  tcrmi 
evidence  of  the  senses* 

Judgtmnts. — Wo  must  draw  a  distinction  between  mere 
and  the  jiulgments  based,  often  unconsciously,  upon  them.    Tbi 
looking  at  a  near  object,  we  unconsciously  eatimate  its  distance  aB^ 
it  seems  to  be  ten  or  twelve  feet  off:  hut  the  estimate  of  its  di 
in  reality  a  judgment  based  on  many  things  beaidea  the  ap; 
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ict  itaelf ;  among  which  may  l>e  mentioneil  the  number  of  iiiter- 
objecte,  the  number  of  etepa  which  from  past  experience  we 
B  must  take  before  we  eonld  touch  it,  and  many  others. 

»The  Special  8enses. 
I.  Touch, 

,• — The  sense  of  touch  is  not  confined  to  particular  parts  of  the 
smtill  extent,  like  the  other  senses;  on  the  contrary^  all  parts 
of  iK>rcciving  the  presence  of  u  stimulus  by  ordinary  senaation 
%  certain  degrees,  the  seat  of  this  sense;  but  touch  should  not  be 
•ed  as  a  mere  modilication  or  exaltation  of  common  sensation  or 
Ity.  For  although  the  nerves  on  which  the  sense  of  touch  de- 
ire  tlio  same  as  those  which  confer  ordinary  sensation  on  the 
t  parts  of  the  body,  viz. ,  those  derived  from  the  posterior  roots 
lervcs  of  the  spinal  cord,  and  the  sensory  cerebral  nerves,  yet  it 
robable  that  the  nerve-fibres  which  subserve  the  special  sense  of 
re  provided  witli  special  end  organs, 

parts  of  the  body  supplied  with  sensory  nerves  are  thus,  in  some 
organs  of  touch,  yet  the  sense  is  exercised  in  perfection  only  in 
krts  the  sensibility  of  which  is  extremely  delicate,  «*//.,  the  akin, 
gne,  and  the  lips,  which  are  provided  with  abundant  papilUc. 
iar  and,  of  its  own  kind  in  each  case,  a  very  acute  sense  of  touch 
sed  through  the  medium  of  the  nails  and  teeth.  To  a  less  extent 
'  may  be  reckoned  an  organ  of  touch ;  iis  in  the  case  of  the  eye- 
The  sense  of  touch  renders  us  conscious  of  the  presence  of  a 
!,  from  the  slightest  to  the  most  intense  degree  of  its  action,  by 
lescribable  something  wliich  we  call  feeling,  or  common  sensa- 
riie  modifications  of  this  sense  often  depend  on  the  extent  of  the 
fected*  The  sensation  of  pricking,  for  example,  informs  us  tliat 
itive  fibres  are  intensely  affected  in  a  siuall  extent;  the  sensation 
;nre  indicjites  a  slighter  alTection  of  the  parts  in  the  greater  ex- 
d  to  a  greater  depth.  It  is  by  the  depth  to  which  the  parts  are 
^lat  the  feeling  of  pressure  is  distinguished  from  that  of  mere 

WtV.s\— (/()  The  sense  of  touch  proper,  tactile  sensibility  or  pres- 
I  temperature.  These  when  carried  beyond  a  certain  degree  are 
in  the  sensation  of  (e)  pain. 

ich  proper.— In  almost  all  parts  of  the  body  which  have  deli- 
tile  sensibility  the  epidermis,  immediately  over  the  papilloe,  ia 
ely  thin.  When  its  tliickness  is  much  increased,  as  over  the 
s  sense  of  touch  is  very  much  dulled.  On  the  other  hand,  when 
jgetber  removed,  and  the  cutis  laid  bare,  the  sensation  of  con- 
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tuct  19  replaced  by  one  of  fuiin.  Further,  in  all  highly  sensitiTi 
the  papula?  arLt  uiinierous  and  highly  vascular,  and  the  stniei>r} 
are  connected  with  special  end-organs  which  have  been  describe 

The  special  endings  of  the  nerves  wliich  have  to  do  with  tout 
however,  be  here  n^ain  mentioned.  They  are  of  two  kindfe,  \ 
touch  corpusch\s^  which  ure  found  chiefly  in  the  hands  and  feet,  j 
larly  on  the  palmar  surface  of  the  hands  and  fingers,  but  also 
under  surface  of  the  forearm,  nipple,  eyelids,  lips,  and  genital 
Touch  corpuscles  are  situated  in  the  cutis  vera-  (h)  end  bulb^ 
are  found  in  conjunctivae  and  other  mucous  membranes^  the  lips, 
organs,  t^ingue,  rectum,  and  elsewhere,  but  not  in  the  skin  prop 
regards  the  Pacinian  corpuscles  and  similar  end-organs,  which 
widely  distributed,  and  which  may  be  in  snnie  way  eonnectcfl  J 
sensation,  when  they  are  found  in  the  skin  they  are  sitnat-ed  vert 
in  the  cutis  vera  or  in  the  subcutaneous  tissue.  They  are  er 
numerous  on  the  nerves  of  the  palmjir  surface  of  the  fingers,  h 
these  endings,  and  in  similur  ones  found  in  other  animals,  Uh 
ends,  as  in  axis  cylinder,  in  a  special  development  of  the  connect 
sue  sheath.  In  addition  to  these  sj>ecial  nerve-endings,  nerv 
appear  to  tenniiuiie  everywhere  in  the  skin  lK?tween  the  cells 
Maljiighian  stratum  of  the  epidermis  in  the  ends,  and  in  cjertaiu! 
some  of  them  appear  to  end  in  8i>ecial  and  rather  large  C4?lls. 

It  is  practically  impossible  to  distinguish  between  what  10 
mere  contact  and  touch  in  which  the  ek^ment  of  pressure  coc 
The  acuteness  of  the  sense  of  touch  depends  very  largely  on  the  ( 
0U3  circulation,  which  is  of  course  largely  inlluenced  by  external  i 
atiire.  Hence  the  numhness,  faTuiliur  to  every  one,  produced 
application  of  cold  to  the  skin. 

Acntenem  of  the  Seustu — ^Tlie  perfection  of  the  sense  of  toi 
different  parts  of  the  surface  is  proportioned  to  the  power  whic! 
parts  passess  of  distinguishing  and  isolating  the  sensations  prothi 
two  points  placed  close  together.  This  power  depends,  at  leasfl 
on  the  number  of  primitive  nerve-libres  distributed  to  the  part" 
fewer  the  primitive  (lb res  which  an  organ  receives,  the  more  like 
that  several  impressions  on  dilTerent  contiguous  points  will  iwrU 
one  nervous  fibre,  and  hence  be  confounded,  and  perhaps  pn>da 
one  sensation.  Experiments  have  been  made  t-o  determine  tht? 
properties  of  dilTerent  parts  of  the  skin,  as  measured  by  this  po 
distinguishing  disUmccs.  These  consist  in  touching  the  skin,  wh 
eyes  are  closed,  with  the  }xiints  of  a  pair  of  compasses  sheathei 
cork,  and  in  ascertuiniuL'"  how  close  the  points  of  compasses  mij 
^        brought  to  each  other,  and  ^till  be  felt  as  two  bodies,  ^^_ 
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iations  in  the  tactile  sensibility  of  the  different  parts. — The  mea- 
indicates  the  least  distance  at  which  the  two  blunted  points  of  a 
ompasses  could  be  separately  distinguished,     (E.  H.  Weber.) 

9 ^  inch  1  mm. 

ce  of  third  phalanx  of  forefinger     .        .  i4  **  ^  ** 

•ce  of  second  phalanges  of  fingers         .        .  1  **  4  ** 

of  imder-lip i  **  4  ** 

i  •*  6  " 

•rsum  of  tongue i  **  8  ** 

1 .        .        .  A  "  10  - 

rdpalate i  "  12  ** 

;e  of  first  phalanges  of  fingers                       .  A  "  14  ** 

i li  **  25  " 

)ot  near  toes li  "  87  ** 

»n U  "  87  " 

I U  «  87  " 

>wer  parts  of  forearm         ....  li  **  87  ** 

near  occiput 2  "  50  ** 

and  mid-lumbar  regions  ....  2  "  50  ** 

Df  forearm 2i  "  62  ** 

igh 21  «  62  " 

region 2i  "  62  " 

egion 2^  **  62  " 

r,  in  the  case  of  the  limbs,  it  was  found  that  before  they 
lized  as  two,  the  points  of  the  compasses  had  to  be  further 
ben  the  line  joining  them  was  in  the  long  axis  of  the  limb, 
n  the  transverse  direction. 

ig  to  Weber  the  mind  estimates  the  distance  between  two 
le  number  of  unexcited  nerve-endings  which  intervene  be- 
vo  points  touched.  It  would  appear  that  a  certain  number 
;ig  unexcited  nerve-endings  are  necessary  before  two  points 

he  recognir.od  as  separate,  and  the  greater  this  number  the 
y  ai'e  the  points  of  contact  distinguished  as  separate.  By 
!  delicacy  of  a  sense  of  touch  may  be  very  much  increased, 
llustration  occurs  in  the  case  of  the  blind,  who,  by  constant 
Q  acquire  the  power  of  reading  raised  letters  the  forms  of 
Imost  if  not  quite  undistinguishable  by  the  sense  of  touch  to 

person. 
Hon, — The  power  of  correctly  localizing  sensations  of  touch 

derived  from  experience.     Thus  infants  when  in  pain  sim- 

make  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
lit  would,  doubtless  on  account  of  their  imperfect  knowledge 
situation. 

?. — The  different  degrees  of  sensitiveness  possessed  by  differ- 
ay  give  rise  to  errors  of  judgment  in  estimating  the  distance 
)  points  where  the  skin  is  touched.  Thus,  if  blunted  points 
f  compasses  (maintained  at  a  constant  distance  apart)  be 
n  over  the  skin  of  the  cheek  toward  the  lips,  it  is  almost  im- 
•esist  the  conclusion  that  the  distance  between  the  points  is 
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gradually  incre4i8ing.  When  they  reach  the  Hpa  they  seem  tflliefflnwd* 
erably  further  apart  than  on  the  cheek.  Thua,  too,  our  estimate  of  tb 
aise  of  a  cavity  in  a  tooUi  ia  usually  exaggerated  when  biisetl  aponaenai- 
tion  derived  from  the  tongue  ulone.  Another  curious  iliusion  may  hew 
be  mentioned.  If  we  close  the  eyes,  and  place  a  small  marble  or  p* 
between  the  crossed  fore  and  middle  fingers,  we  seem  to  be  toachhgtio 
marbles,  This  illusion  is  due  to  an  error  of  judgment.  The  marUait 
touched  by  two  surfaces  which,  under  ordinary  circomstaneeg,  oooU 
only  be  touched  by  two  separate  marbles,  hence  the  mind,  taking  of 
cognizance  of  the  fact  that  the  lingers  are  crossed,  forms  the  codcIi 
that  two  sensations  are  due  to  two  marbles* 

Temperature.— The  whole  surface  of  the  body  is  more  or  km. 
eitive  to  dilTerences  of  temjierature.  The  sensation  of  heat  is 
from  that  of  touch:  and  it  would  seem  reasonable  to  suppose  thattliBt 
are  special  nerves  and  nerve-endings  for  temperature.  At  any  rate  tb 
power  of  discriminating  temperattire  may  remain  unimpaired  whenth 
sense  of  touch  is  temporarily  in  abeyance.  Thus  if  the  ulnar  nmfM 
compressed  at  the  elbow  till  the  sense  of  touch  is  very  much  dalledia 
the  lingers  which  it  supplieSi  the  sense  of  tem|>erature  remains  quite 
unaffected. 

The  sensatioufi  of  heat  and  cold  are  often  exceedingly  fallaci 
in  miiny  cases  are  no  guide  at  all  to  the  absolute  teraperaturi' 
cated  by  a  thermometer.     All  that  we  can  with  safety  infer  from  oir 
sensations  of  temperature,  is  that  a  given  object  is  warmer  or  cooltf 
than  the  skin.     Thus  the  temperature  of  our  skin  is  the  staudanl;  irf 
as  tliis  varies  from  hour  to  hour  according  to  the  activity  of  the  cuUi»- 
ous  circulation,  our  estimate  of  the  absolute  temperature  of  > 
must  necessarily  vary  too.     If  we  put  the  left  hand  into  water 
(40°  F.)  and  the  right  into  water  at  45"^  C.  (110^  F.),  and  then  i 
both  in  water  at  27''  C.  (80*^  F,),  it  will  feel  warm  to  the  left  haod 
oool  to  the  right.     Again,  a  piece  of  metal  which  has  really  the 
temperature  as  a  given  piece  of  wood  will  feel  much  colder,  sinoe  it 
ducts  away  tlie  heat  much  more  rapidly.     For  the  siime  reason 
motion  feels  very  much  cooler  than  air  of  the  siime  temperature  »t 

In  some  cases  we  are  able  to  form  a  fairly  accurate  estimate  of  »^' 
lute  temperature.  Thus,  by  plunging  the  elbow  into  a  bath,  a  pr;«'tL*! 
bath-attendant  can  tell  the  temperature  sometimes  within  half  ^  \\^^ 
centigrade. 

The  temperatures  which  can  be  readily  discriminated  art 
10**-45^  C.  (50"»115°  R);  very  low  and  very  high  temperatiu 
produce  a  burning  sensation,     A  temperature  appeard  higher  accoriinj 
to  the  extent  of  cntaneous  surface  exposed  to  it.     Thus,  water  af  a 
perature  which  can  be  readily  borne  by  the  hand,  is  quite  intolefsbk^ 
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I  whole  body  be  immersocL     So,  too>  water  appears  much  hotter  to 
»  hand  than  to  a  single  linger. 


I  The  delicacy  of  the  sense  of  tempcnttiire  coincides  in  the  main  with 
tt  of  touch,  and  appears  to  depend  largely  on  the  thickness  uf  the 
D;  hence,  in  the  elbow,  where  the  skin  ie  thin,  the  sense  of  tempera- 
e  is  delicate,  though  that  of  touch  is  not  remarkably  so.  Weber  has 
rther  aj&certained  the  following  facts:  two  compass  points  so  near  to- 
per  on  the  skin  that  they  produce  but  a  single  impression,  at  once 
l^e  rise  to  two  sensations,  when  one  is  hotter  than  the  other,  More- 
ir,  oi  two  bodies  of  equal  weight,  that  which  ia  the  colder  feels  beayier 
p  the  other. 

Ab  every  sensation  is  attended  with  im  idea,  and  leaves  behind  it  an 

in  ihe  mind  which  can  be  reproduced  at  will,  we  are  enabled  to  com- 

^     tne  idea  of  a  past  sensation  with  another  sensation  really  present. 

pa  we  can  compare  the  weight  of  ooc  body  with  another  which  wo 

1  previously  felt,  of  which  the  idea  is  retained  in  our  mind,     Weber 

i  indeed  able  to  distinguish  in  this  manner  between  temperatures, 

Icrienced  one  after  tlie  other,  better  than  between  tcni]>erature8  to 

ch  the  two  hands  were  simult^nieously  subjecteih     This  power  of 

paring  present  witii  past  sensations  diminishes,  however,  in  propor- 

to  the  time  which  has  elapsed  between  them.     Affer'Settm/ionH  left 

jnpressions  on  nerves  of  common  sensibility  or  touch  are  very  vivid 

durable.     As  long  as  the  condition  into  which  the  stimulus  has 

awn  the  organ  endures,  the  sensivtioii  also  remains,  thongh  the  exeit- 

cause  should  have  long  ceased  to  act.     Both  painful  and  pleasurable 

ations  afford  many  examples  of  this  fact, 

hihjecfive  sfumfions^  or  sensations  dependent  on  internal  causes,  are 

o  sense  more  frequent  than  in  the  sense  of  touch.     All  the  sensations 

ileasnre  and  pain,  of  heat  and  cold,  of  lightness  and  weight,  of  fa- 

e,  etc.,  may  l>e  produced  by  internal  causes.     Kenralgic  pains,  the 

ttion  of  rigor,  formication  or  the  creeping  of  ants,  and  the  states  of 

aexual  organs  occurring  during  sleep,  afford  striking  examples  of 

ectivo  sensations.     The  mind  has  a  remarkable  power  of  exciting 

iions  in  the  nerves  of  common  sensibility :  just  as  the  thought  of 

lauseoQS  excites  sometimes  the  sensation  of  nausea,  so  the  idea  of 

gives  rise  to  the  actual  sensation  of  pain  in  a  part  predisposed  to 

umerous  examples  of  this  influence  might  be  quoted. 

'ain, — As  regards  painful  sensations,  three  views  can  be  taken:  1, 

f  it  is  a  special  sensation  provided  with  a  special  conducting  apparatus 

Icb  part  of  the  body;  %  that  it  is  produced  by  an  over-stimulation 

fee  special  nerves  concerned  with  touch  or  temperature,  or  of  the 

iT  nerves  of  special  sense;  or  3,  that  it  is  an  over-stimtihition  of  the 

'«a  of  common  sensation,  which  tell  us  of  the  condition  of  our  own 

l^&^  both  of   the  surface  mnl  also  of  the  internal  organs.     There 
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aeenia  to  bo  miicli  in  favor  of  all  of  tlieee  ?iew8.  The  weight  of  m- 
delicti  is,  liowever,  rather  agaiuat  there  beiug  any  sj'kecial  paio  senae  with 
a  BpecJal  end-organ  and  fibres.  It  in,  however,  certain  that  even  if  iht 
variety  of  pain  be  a  special  seuaatiou,  Bome  kind  of  pain  may  be  pro- 
duced by  stimulation  of  the  bare  sensor;  nerves  apart  from  anvsjiccial 
fonn  of  nerve  termination.  It  is  said  that  the  main  difference  between 
the  conimou  sensation  wliich  tells  us  of  the  condition  of  all  parts  of  tb 
body  and  of  which  thirst  and  hunger  are  but  examples,  the  one  iuforiD- 
ing  us  of  the  condition  of  the  palate  and  the  other  of  the  state  of  our 
stomach,  and  tljc  Bpeeial  scmse  of  touch  and  temperature,  is  tliat  ihi 
latter  are  provided  with  special  apparatus.  By  means  of  this  apjumitttj 
we  are  able  to  localize  the  sensation  from  which  it  is  poffiible  to  form 
juilgmeuts»  Sucli  a  special  apparatus  is  evidently  not  absolutelv  esaai- 
tiul  for  the  sensation  of  pain,  but  this  does  not  exclude  the  idea  thrt 
pain  may  result  from  over-stimuhitiou  of  a  nerve  of  special  sense  or  rf 
it.3  termination. 

The  Muscular  Sense.— The  estimate  of  a  weight  is  usually  basrf 
on  two  aensutiuns:   I,  of  pressure  on  the  skin,  and  2,  the  muscuhir  jf^asa 

The  estimate  of  weight  derived  from  a  combination  of  these  iw 
sensationa  (as  in  lifting  a  weight)  is  more  accurate  than  that  <leriTi4 
from  the  former  alone  (i)^  when  a  w^eight  is  laid  on  the  hand);  tha 
Weber  found  that  by  the  former  method  he  could  generally  distino^iiA 
HU  oz.  from  ^O  oz. ,  but  not  19j  oz.  from  20,  while  by  the  latter  he  conM, 
at  most  only  distinguish  14 J  oz.  from  15  oz. 

It  la  not  the  alT^oluto,  hut  the  relative,  amount  of  the  di^ereniv  lif 
weight  which  we  have  thus  the  faculty  of  perceiving. 

It  is  not,  however,  certain^  that  our  iilea  of  the  amount  of  m 
force  used  is  derived  Bolely  from  the  muscular  sense.      We  have 
power  of  estimating  very  aeeurately  beforehand,  and  of  regulatiugt 
amount  of  nervous  influence  uocessary  for  the  prtnluction  of  a  c^ruiti 
degree  of  movement.      When  we  raise  a  vessel,   with  the  cr»!i 
which  we  are  not  acquainted,  the  force  we  employ  is  determineU  hV^^ 
idea  we  have  conceived  of  its  weight.     If  it  should  happen  to  <!OttUii 
some  very  heavy  substance,  as  quicksilver,  we  shall  probably  let  it  fill. 
the  amount  of  muscular  action,  or  of  nervous  energy,  which  we 
exerted  being  insutHcient.     The  same  thing  occurs  sometimes  tea 
descending  staira  in  the  dark;  he  makes  the  movement  for  the 
of  a  step  which  does  not  exist.     It  is  possible  that  in  the  saraeiraf] 
idea  of  weight  and  pressure  in  raising  bodies,  or  in  resisting  forces, 
in  part  arise  from  a  consciousness  of  the  amount  of  nervous 
tTunamitted  from  the  bntin  rather  than  from  a  BcnsatJon  in  the  mui 
themselves.     The  mental  conviction  of  the  inability  longer  to  support 
weight  must  also  be  diBtinguishod  from  the  actual  sensation  of  fatipi 
in  the  muscles. 
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I  So,  with  regard  to  the  idt-iiH  Jerivi'd  from  sensations  of  touch  eom- 
kcd  with  movements,  it  isjdouhtfiil  how  far  the  consoionsiiess  of  tlie 
pnt  of  mnsctdar  movement  h  olitiuoed  from  sen  nations  in  the  muscles 
piselves.  The  sensation  of  movement  attending  the  motions  of  the 
\d  isverysHght;  and  persons  who  do  not  know  that  tho  action  of 
ticular  mnsclea  is  necessary  for  tho  production  of  given  movements, 
not  suspect  that  the  movement  of  tlio  Ongers,  for  example,  depenila 
hu  action  in  the  forearm.  The  mind  has,  nevertheless,  a  very  deiinite 
jwledge  of  the  changes  of  position  produced  by  movements;  and  it 
pu  this  that  the  ideas  which  it  conceives  of  the  extension  and  form  of 
pdy  are  in  great  measure  founded. 

There  is  no  marked  development  of  common  sensibility  to  be  made 
;  in  muscles:  they  may  be  cut  without  the  production  of  pain.  On  the 
«r  hand,  there  is  no  doubt  that  afferent  impulses  must  pass  upward 
tn  muscles  and  tendons  acrjuaiuting  the  brain  witli  tlieir  condition. 
i«,  then,  must  be  a  special  sense.  It  has  been  suggested  that  the  minute 
-bulbs  of  Golgi  found  in  tendons,  and  that  the  Pacinian  corpuscles  in 
I  neighborhood  of  joints,  are  the  terminal  organs  of  this  special  sense. 
\Judijfnen(  uf  ihe  Form  ami  iSize  of  I  lad  its. — ^By  the  sense  of  touch  the 
\A  is  made  acquainted  with  the  size,  form,  and  other  external  char- 
&r8  of  iKJilies.  And  in  onler  ihwi  these  cliaracters  may  l>e  easily 
^rtained,  the  sense  of  touch  is  especially  develo]jed  in  those  parts 
Ich  can  he  readily  moved  over  the  surface  of  bodies.  Touch,  in  its 
i^  limited  sense.,  or  the  act  of  exandning  a  body  by  tbi^  touch,  consists 
S^\y  in  a  vnluntary  employment  of  this  sense  combined  with  move- 
ki,  and  stanils  in  the  same  relation  to  tho  sense  of  touch,  or  common 
libility,  generally,  as  the  act  of  seeking,  following,  or  examining 
Its,  does  to  the  sense  of  smelL  The  hand  is  the  best  adapted  for  it, 
treason  of  its  peculiarities  of  structure,— namely,  its  capability  of 
iiation  and  supination,  which  enables  it,  hy  the  movement  of  rota- 
te to  examine  the  whole  circumference  of  tlie  lioily;  the  power  it 
NBBies  of  opposing  tho  thumb  to  the  rest  of  the  hand,  and  the  relative 
►ility  of  the  fingers;  and  hufttly  from  the  abundance  of  the  sensory 
Ciinal  organs  which  it  possesses.  In  forming  a  conception  of  the 
^  and  extent  of  a  surface,  the  mind  multiplies  the  size  of  the  hand 
kigers  used  in  the  inf|uiry  by  the  number  of  times  which  it  is  con- 
|e<l  in  the  surface  traversed;  and  by  repeating  this  process  with 
(»d  to  the  different  dimensions  of  a  solid  body,  acquires  a  notion  of 
C^nhieal  extent,  but,  of  course,  only  an  imperfect  notion,  as  other 
jes,  e.ff,^  the  sight,  are  required  to  make  it  complete. 
It  is  impossible  in  this  consideration  to  say  how  much  of  our  knowl- 
>  of  the  thing  touchetl  depends  upon  pressure  and  how  much  upon 
lunscular  sens^^. 
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II.  Taste. 

Conditions  net^fimry. — The  conditions  for  the  perceptions  of  tatft; 
are: — 1,  the  presence  of  a  nerve  and  nerve-centre  with  special findoi* 
ments;  2,  the  excitation  of  the  nerve  by  the  sapid  matters^  which  for 
thia  purpose  must  be  in  u  sktie  of  solution;  3,  a  temperature  of  aljoutSr 
UtM  C.  (08°  to  100''  F.).  The  nerves  concerned  in  the  production  of 
the  sense  of  taste  have  been  already  considered  (p.  349  et  seq,)  The  modi 
of  actioti  of  the  snbstancoij  which  excite  taste  confiists  in  the  production 
of  a  change  in  the  condition  of  the  giratatory  nerves^  and  the  conduLlioii 
of  the  stimiihis  thus  {vrodueed  to  the  nerve*oentre ;  and,  according  to 
the  difference  of  the  susbtanecs,  nn  intmite  variety  of  changes  of  ftJiiiii* 
tion  of  the  nerves,  and  consequently  of  stimulations  of  the  gustatm 
centre,  may  l>o  induced.  The  matters  to  be  tasted  must  either  be  in 
solution  or  be  soluble  in  tlie  moisture  covering  the  tongue;  hence  I 
hie  substances  are  usually  tiisteless,  and  ]iroduoe  merely  seusati 
touch.  Moreover,  for  the  perfect  action  of  a  sapid,  as  of  an  odorous  »b" 
stance,  it  is  necessary  that  the  sentient  surface  should  he  moist,  Uenoft, 
when  the  tongue  and  fauces  are  dry,  sajiid  substances,  even  in  fiolution, 
are  with  dilfKuilty  tasted. 

The  nerves  of  taste,  like  the  nerves  of  other  special  senaea,  may  hAT<<  tbflif 
peculiar  prn]>erti*^  exritXMl  by  various  other  kiodft  of  irritation,  such  as*?!**' 
triclty  and  rnixOmuiral  hnpn^ssions.  Tlujs,  »  small  current  of  air  diml^ 
u[M>n  tlio  ttiiig^iit*  (iijives  riso  tn  a  coiil  Ralinc  (.atste,  like  that  of  saltpetre;  jumI* 
diatiuct  aenaatiou  of  tast*?  similar  to  that  caused  by  electricity,  niaj  bepo* 
duc>ed  by  a  smart,  tap  ap]>lied  ttj  tlie  impilla?  of  the  Umgxie.  Moroover  tti 
mechanical  irritation  of  tbi^  ftiuct***  and  palate  produces  the  sensation  of  jmmi«* 
which  is  probably  only  a  mi>dification  of  taste. 

Seat. — The  principal  float  (apparent  seatt  that  is,  to  our  ft6Dfle«)o( 
the  sense  of  taste  is  the  tongue.  But  the  result  of  experiments  iwl 
as  ordinary  experience  show  that  the  soft  palate  and  its  arches,  thenvnk 
tonsils,  and  probably  the  upper  part  of  the  pharynx,  are  also  endofw 
with  taste.  These  parts,  together  witli  the  base  and  posterior  paftflrf 
the  tongue,  arc  !sui>i>lied  witli  branches  of  the  glosso-pbaryngeal  n<*r«, 
and  evidence  has  boon  already  adduced  that  the  sense  of  taste  is  coaferrtl 
upon  them  by  this  nerve.  In  most,  though  not  in  all  persous,  the  !«^ 
terior  parti*  of  the  tongue,  especifilly  the  edges  and  tip,  are  endotul 
with  the  sense  of  taste.  The  middle  of  the  dorsum  is  only  feebl; 
dowed  with  this  sense,  probably  because  of  the  density  and  thic! 
the  epithelium  covering  the  fdiform  papillte  of  this  part  of  the 
which  will  prevent  the  sapid  substances  from  penetrating  to  their 
tive  part5. 

Other  Functions, — Beside  the  sense  of  taate,  the  tongue,  hj 
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>of  its  papillir,  is  endued  (2)  especially  at  ita  side  and  tip,  with  a  very 
icate  aiid  accurate  eense  of  touch,  wliicli  renders  it  sensible  of  the 
pressions  of  heut  and  cold,  pain  aud  mechanical  pi-essure,  and  conso- 
totly  of  the  form  of  surfaces.  The  tongue  may  lose  its  common  sen- 
ility, and  still  retain  the  eense  of  taste,  and  tnm  versa.  This  fact 
iders  it  probable  that,  although  the  senses  of  taste  and  of  touch  may 
^exercised  by  the  same  papilla?  supplied  by  the  same  nerves,  yet  the 
Ivous  conductors  for  these  two  diHerent  sensations  are  distinct,  just 
she  nerves  for  smell  and  common  sensibility  in  the  nostrils  are  dis- 
bt;  aud  it  is  quite  conceivable  that  the  same  nervous  trunk  may  con- 
II  fibres  differing  essentially  in  their  specific  properties.  Facts  alreatly 
liiled  seem  to  prove  that  tlio  lingual  branch  of  the  fifth  nerve  is  the 
iductor  of  sensations  of  taste  in  the  anterior  part  of  the  tougne;  and 
is  also  certain,  from  the  marked  manifestations  of  pain  to  which  its 
pdon  in  animals  gives  rise,  that  it  is  likewise  a  nerve  of  common  sen- 
Hi  ty.  The  gkvsso-pharyngoal  also  seems  to  contain  fibres  both  of 
|imon  sensation  and  of  the  special  sense  of  taste. 
fTho  functions  of  the  tongue  in  connection  with  (3)  speech,  (4)  maa- 
ktion,  (5)  deglutition,  (0)  suction,  have  been  referred  to  in  other 
ipters. 

I  Ta^ie  and  Smeil:  FercepHom. —The  concurrence  of  common  and  two 
)dfi  of  special  sensibility,  Le,^  touch  and  taste  in  the  same  part,  makes 
pmetimes  diflieult  to  determine  whether  the  impression  produced  by 
Ibstance  is  perceived  through  the  ordinary  senaitive  fibres,  or  through 
te  of  the  sense  of  tiisto.  In  many  cases,  indeed,  it  is  probable  that 
beets  of  nen^e-fibres  are  concerned,  as  when  irritating  acrid  substances 
I  introduced  into  the  mouth. 

uch  of  the  perfection  of  the  sense  of  taste  is  often  due  to  the  sapid 
itances  being  also  odorous,  and  exciting  the  simultaneous  action  of 
sense  of  smell.  This  is  shown  by  the  imperfection  of  the  taste  of 
substances  when  their  action  on  the  olfactory  nerv^es  is  prevented 
losing  the  nostrils.  Many  fine  wines  lose  much  of  their  apparent 
Hence  if  the  nostrils  are  held  close  while  they  are  drunk. 
Varieties  of  7'mies.  — Among  the  most  clearly  defined  tastes  are  the 
15/  and  bitter  (which  are  more  or  less  opposed  to  each  other),  the  acid, 
im,  saU^  and  mduUic  tastes.  Acid  and  alkaline  taste  may  be  ex- 
by  electricity-  If  a  piece  of  zinc  be  placed  beneath  and  a  piece  of 
r  above  the  tongue,  and  their  ends  brought  into  contact,  an  acid 
b  (due  to  the  feeble  galvanic  current)  is  produced.  The  delicacy  of 
fiense  of  tiiste  is  sttflicient  to  discern  1  part  of  sulphuric  acid  in  1000 
rater;  but  it  is  far  surpassed  in  acuteness  hy  the  sense  of  smell.  Ex- 
linents  have  shown  that  it  is  possible  to  entirely  do  away  with  the 
>^T  of  tasting  bitters  and  sweets  while  the  taste  for  acids  and  salts 


limited  distribution  in  tho  human  tongue. 

Although  tho  tusto  apparatus  is  hi  lateral  the  seusiition 
is  single,  and  in  this  respect  tasto  resembles  vision. 

Aftcr'tastc. — Very  distinct  sensations  of  taste  are  freque 
the  substances  which  excited  them  have  ceased  to  act  on  tl 
such  sensations  often  endure  for  a  long  time,  and  ^modif 
other  suhstaiu'cs  applied  to  the  tonguo  afterward.  Thus 
sweet  sulwtances  spoils  the  llav(»r  of  wine,  tho  tasto  of  cheese 
There  appears,  therefore,  to  exist  tho  same  relation  betw 
hetween  colors,  of  which  those  that  are  opposed  or  complem 
each  other  more  vivid,  though  no  general  principles  gOTem 
tion  have  heen  discovered  in  the  case  of  tastes.  In  the  art 
however,  attention  has  at  all  times  been  paid  to  the  consoi 
niony  of  flavors  in  their  combination  or  order  of  succeesio 
painting  and  music  tho  fundamental  principles  of  harmoi 
employed  empirically  while  the  theoretical  laws  were  unkni 

Frequent  and  continued  re^wtitions  of  the  same  taste  re; 
ception  of  it  less  and  less  distinct,  in  tho  same  way  that  a  ( 
more  and  more  dull  and  indistinct  tho  longer  the  eye  is  i 
Thus,  after  frequently  tsisting  first  one  and  then  the  other  > 
of  wine,  it  becomes  impossible  to  discriminate  between  thei 

Tho  simple  contact  of  a  sapid  substance  with  the  su 
gustatory  organ  seldom  gives  riso  to  a  distinct  sensation  of  tfl 
to  be  diffused  over  the  surface,  and  brought  into  intimate  < 
the  sensitive  parts  by  compression,   friction,  and  motion 
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If. — (1*)  The  first  condittons  essentiiil  to  the  aenae 
pecial  f§erv€  and  nerve-UrminaiwiM  in  the  form  of  special 
;e8  in  whose  condition  stimulate  a  special  nerTe-centre, 
ed  in  sensations  of  odor,  for  no  other  nervous  structtire 
666  sensations,  even  though  acted  on  hy  the  same  canfiea. 
tanoe  which  excites  the  sensation  of  smelt  in  the  olfao- 
r  cause  another  peculiar  sensation  through  the  nerves  of 
produce  an  irritating  and  burning  sensation  on  the  nerves 
the  sensation  of  odor  is  jet  separate  and  distinct  from 
it  may  be  simnltaneously  perceived.  (2.)  The  material 
\  are,  usually,  in  the  case  of  animals  living  in  the  air. 


i  of  tbe  fi£rptum  iia«l.  aecii  ttom  Htm  ri^ht  isiri**  H-^I-  ^^  oJfaetorj  bulb; 
w  ptmkn^  through  the  forainitis  of  xh*^  rTihrifnrn)  niaee,  and dpiiceiicljiif  to 
r  lepumi;  %  the  intcnul  or  sepul  twifr  t,f  XY***  nas»l  branch  of  the  <»|khUiftl« 
ftlAtiiie  nerves.     (VYom  Skppey,  after  Hinfchfeld  Aod  LereUlft.) 

ipendedin  a  state  of  extremely  fine  division  in  theatmos- 
ften  of  so  subtle  a  nature  thut  they  can 
than  the  t^mm  of  smell  itself.     Tl»e 
be  dif^solred  in  the  mucu6  of  the 
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montj  tho  moutli  boing  closed;  hoiice  wo  have  voluntary  influence m« 
tbe  sense  of  Biiiell;  fur  by  interrnpthig  respiratioD  we  preveut  the  per* 
ceptiou  of  odors,  and  by  ropcmtef]  quick  inspiratioD,  aasieted,  fn  iu  the 
act  of  snijftmjy  by  tho  action  of  tbo  uostrils,  we  render  tbe  iiiipre«oD 
mor6  ititeuse*  An  odorous  substance  in  a  liquid  form  injected  into  tbe 
lioatriU  rtppuars  incapable  of  giving  rise  to  the  sensatioD  of  Fniell;  tboi 
Weber  could  not  smell  the  aligbtest  odor  when  bis  nostrils  were  ojro- 
pletely  tilled  with  water  coDtaiDing  a  large  quantity  of  eau-de-Cologne. 
The  iioBo  is  not  entirely  an  organ  for  the  seat  of  smelL  Id  fad  th* 
nasal  cavities  tire  divided  into  tbreo  distri eta  called  respectively — (a)  %♦» 
veMibularis^  M*hiob  is  the  entrance  to  the  cavity. 
It  is  lined  with  a  nuicoiis  njembrane  very  closely 
resembling  the  skin,  and  contains  hair  (vibris- 
»ip)  witli  sebaceous  glands,  (/>)  Bec/lo  re^pira- 
iiiria^  which  iucludea  tbo  lower  meatus  of  tho 
nose,  and  all  tbe  rest  of  the  nasal  passages  ex- 
cept (r);  it  is  covered  with  niucous  uierabnine 
covered  by  strati  lied  cokimunr  ciliated  epitheli- 
um. Tbe  mucosa  is  thick  und  consists  of  fibrous 
connective  tissue;  it  contuius  a  certain  number 
of  tubular  mucous  and  serous  glands.  (r)  Rc- 
(jiO  olfueioriiu  This  includes  the  anterior  two- 
thirdij  of  the  superior  meatus^  the  middle  meatus, 
auil  the  upper  half  of  tbe  septum  nasi.  It  is  of 
a  yellowish  color.  It  consists  of  a  thicker  muc- 
ous membrane  than  in  (/^),  made  up  of  loose  are- 
olar connective  tissue  covered  by  epithelium  of 
a  special  variety,  resting  upon  a  basement  mem- 
brane. The  cell8  of  tbe  epithelium  are  of  two 
principal  kinds;  (a)  columnar  epithelial  cells 
whose  function  is  to  support  {b)  the  bipolar 
olfactory  cells,  {a)  The  epithelial  cells  are  jtris- 
matio  in  shape  and  have  upon  their  surfaces 
facets  into  which  the  olfactory  cells  fit  them- 
selves. They  are  thus  analogous  to  the  cells  of 
MiiUer  of  tiie  retina  (Hg,  40Gc).     {b)  Tbe  olfac 


FiEr   ti»i  —  KuW.-vroIfii 


tory  cells  have  an  ublong  or  fusiform  shape,  which  f^^^^  ^^^  **** 

The 


is  mainly  deternjiuiid  by  the  large  nucleus, 

thin  prQto]dasmic  body  has  two  processes,  an  external  and  an  inti 
The  external  is  large  and  pasaes  up  to  the  free  surface  to  end  inH 
bunch  of  fibrils  that  are  not  vibratile.     Tho  internal  proceaa  i« 
fin%  often  varicose^  and  passes  through  the  mucous  membrune  to ' 
come  continuous  with  the  fibres  of  the  olfactory  bulb. 

The  olfactory  bulb  must  be  studied  in  relation  with  thentf'^J 
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bres  and  olfactory  cells  ^ith  which  it  ia  connected.  These  parts  to- 
ther  form  a  sensory  end-orgiiti  which  resembles  in  many  respects  the 
til] a*     The  discovery  of  its  trne  structnro  liaa  thrown  a  flood  of  light 

ihe  architecture  of  the  nerve-centres  as  a  whole. 

The  olfactory  bu]b  is  not  a  nerve,  but  a  modification  of  the  brain 

tex,     A  transection  shows  it  to  be  made  np  of  four  layers: 

Ist.  Peripheral  fibres. 

2d.  Olfactory  glomerulee. 

3d.  Layer  of  mitral  cells. 


Epeaiirmfil  epith» 


Layer  of  c^ftotml 
fLbrea, 


^  La^er  of  niitra! 
eeJIfl, 


Zone  of 
Olomerulea. 


Crlbrifona 


plftte  of 


ethmoid. 


Lajer  of  olf&ctorr 
fibrlito. 


Epithelium. 


;  107.— Prlncfpal  constituent  elemeDts  of  the  olfactoiy  bulb  of  4  mammaL     O^an  QehuchtejLl 


4tli,  Layer  of  granular  cells  and  deep  nerve-fibres, 

1st.  The  first  and  external  layer  is  composed  of  tho  fino  nerve-fibrila 
the  olfactory  nerves.  They  pass  through  the  cribriform  plate  of  the 
imoid  and  coiitinue  on,  ending  in  the  olfactory  cells. 

2d.  The  glomerular  hiyer  contains  numbers  of  small  round  bodies 
lose  structure  is  now  known  to  be  nervous.  They  are  made  up  of  the 
Dansiona  of  the  olfactory  fibres  on  the  one  hand  and  of  the  "mitral** 
Is  on  the  other.     These  are  mingled   in  a  close  network,  but  do  not 

stomose.     It  was  by  the  study  of  these  bodies  in  part  that  the  fact  of 
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the  Bon-coDtiniiity  of  the  nearoos  was  demonstrated  (fig.  407).  Tkii 
layer  also  contains  gmall  fusiform  cells  with  branching  dendritei  tbat 
extend  outward  to  the  glomoriili.  Each  has  an  asis-cylinder  proceii 
which  passes  inward  to  join  the  fibres  of  the  internal  olfactory  cenci. 

3d*  The  layer  of  mitral  cella  contains  large  cells,  some  of  them  triin- 
giilar  and  some  in  the  shape  of  a  mitre.  They  havennmerons  dendrites, 
one  of  which  passes  into  a  glomerule  and  then  breaks  np  in  a  fine  arbori- 
zation. An  axis-cylinder  process  (neuraxou)  passes  off  from  the  ianer 
surface  and  is  continued  as  an  internal  olfactory  nerve-fibre, 

4th.  The  layer  of  granules   and    central   fibres.     This  contsias  1 1 
large  number  of  very  small  nerve-cells,  which  are  peculiar  in  that  ih^ 


.^ 


% 


Flff,  4W,— Kerr^  of  tlii-  oiit^r  waUn  of  the  dssaI  foesae.  S^.— I,  network  of  tb*  brtudim' 
ttie  olra<ctory  nerve,  dfi^cfndlin^jj  npun  the  region  of  the  superior  and  middle  tiirbtnat*^  ^«j^' 
2,  extejnal  twi^  of  the  ethmoidal  bruuch  of  the  nasal  nenreB;  8,  Bpheno-paUa:  '       i 

ramifloAtion  of  the  ttiitt^rior  pulciLfne  ijerves;  5,  posterior,  ftudflv  middle  divisiti  * 

nerve's-  7,  branch  to  tb*"  rvgUm  of  tJu>  inferior  turbinated  bone;  8^  bnmcb  (•>  ^ 

■uperior  and  oiiddie  iiirbinatecl  Ixjiti^x:  9,  naso-palatine  branch  to  the  mBptam  cut  ihon. 
Bappey,  after  Hirsetifeld  luitl  Leveill^.) 


have  no  axis-ct/Under.     Their  dendrites  extend  chiefly  into  the 
of  mitral  cella.     They  resenjble  the  spongioblaats  of  the  retina  and  ] 
ably  have  commissural  functioiie*     This  layer  has  also  some  email  i 
flhaped  cells  whose  dendrites  end  in  the  mitral  cell-layer.     Among  tbei 
cells  rim  uoitierons  fibres,  chiefly  from  the  mitral  cells  and  the  fosifornj 
ceils  of  the  glomernlar  layer. 

The  general  arrangement  is  shown  in  fig,  407. 

The  sense  of  smell  is  derived  exclusively  through  those  parts  of  1 
nasul  cavities  in  which  the  olfactory  nerves  are  distri  bated;  the  i 
cavities  or  sinnses  comnuinicating  with  the  nostrils  seem  to  havenol 
lation  to  it.     Air  impregnated  with  the  vapor  of  camphor  was  ioje 
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El  the  frontal  sinus  throagli  a  fistulous  opening  and  odorous  substances 
le  been  injected  into  the  antrum  of  Highmore;  but  in  neither  case 
>  any  odor  perceived  by  the  patient.  The  purposes  of  these  sinuses 
lear  to  be  tljat  the  bones,  necessarily  large  for  the  action  of  the  mua- 
I  and  other  parts  connected  with  them,  noay  bo  as  light  as  possible, 
that  there  may  be  nioro  room  for  the  resonance  of  the  air  in  vocal iz- 
The  former  purpose,  which  is  in  other  bones  obtained  by  lilJing 
tr  cavities  with  fat,  is  here  attained »  as  it  is  in  many  bones  of  birds, 
Ibeir  being  filled  with  air. 

[O/Aer  Funciions  of  the  ^aml  Beg  ion. — All  parts  of  the  nasal   cavi- 
L  whether  or  not  they  can  be  the  seats  of  the  sense  of  smell,  are  en- 
led  with   common  sensibility  by  the  naeal  branches  of  the  first  and 
ind  divisions  of  the  fifth  nerve.     Hence  the  sensations  of  coldj  heat^ 
ling,  tickling,  and  pain;  and   the  sensation  of  tension  or  pressure  in 
nostrils.     That  these  nerves  cannot  perform  the  function  of  the  ol- 
lory  nerves  is  proved  by  cases  in  which  the  sense  of  smell  is  lost,  while 
mucous  membrane  of  the  nose  remains  susceptible  of  the  various 
lifications  of  common  sensation  and  of  touch.     But  it  is  often  difficult 
listings ish  the  eeneation  of  smell  from  that  of  mere  feeling,  and  to 
irtain  what  belongs  to  each  separately.     This  is  the  case  particularly 
the  sensations  excited  in  tiio  no^e  by  acrid  vapors,  as  of  ammonia, 
-radish,  mustard,  etc.,  which  resemble  much  the  sensations  of  the 
ea  of  tonch;  and  the  difficulty  is  the  greater  when  it  is  remembered 
these  acrid  vapors  have  nearly  the  same  action  upon  the  mucous 
brano  of  the  eyelids.     It  was  because  the  common  sensibility  of  tJie 
to  these  irritating  substances  remamed  after  the  destruction  of  the 
lory  nerves  that  Magendie  was  led  to  the  erroneous  belief  that  the 
nerve  mif^ht  exercise  this  special  sense. 

^ariet  /f  ,t  of  Odn  ro  n  s  Se  n  mi  ions ,  —  An  i  m  al  a  d  o  n  ot  al  1  eq  u  al  ly  perc  e  i  ve 

e  odors;  the  odors  most  plainly  perceived  by  an  herbivorous  ani- 

ind  by  a  carnivorous  animal  are  different.     The  Carnivora  have  the 

r  of  detecting  most  accurately  by  the  smell  the  special  peculiarities 

imal  matters  and  of  tracking  other  animals  by  the  scent;  but  have 

irently  very  little  sensibility  to  the  odors  of  plants  and  flowers.    Her- 

rous  animals  are  peculiarly  sensitive  to  the  latter,  and   have  a  nar- 

Ir  sensibilitv  to  Jinimnl   odors,  eppeciallv   to  Fuch   ns  prrirei:^r|   from 

f  individuals  than  their  own  species.     Man  is  far  inferior  to  many 

sals   of   both  classes   (which  appear  to   have  a    special    epithelial 

bgement  called   Jacokson's  orgmi,,  for  the  purpose  of  '' scent  **)y    in 

Bct  of  the  acutcness  of  smell;  but  his  sphere  of  susceptibility  to  various 

)b  is  more  uniform  and  extended.     The  cause  of  this  difference  lies 

imbly  in  the  entiowments  of  the  cerebral  parts  of  the  olfactory  appa- 

B.      The  delicacy  of  the  sense  of  smell  is  most  remarkable;  it  can  dis- 
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t^eri]  the  preeence  of  bodies  in  quantities  bo  mioDte  aa  to  be  undiicofir^l 
abb  even  by  spectrum  analysis ;  y^^^^p^  of  a  grain  of  muskcanbedii*] 
tinctly  smelt  (Valentin).  Opposed  to  the  sensation  of  an  agreeable  odor  if  1 
that  of  a  disagreeable  or  disgusting  odor,  which  correeponds  to  the  &easi-l 
tions  of  pain,  dazzling  and  disharmony  of  colors,  and  dissonance  in  tiiel 
other  senses.  The  ciiuso  of  this  difference  in  the  effect  of  differect  odonii  I 
unknown;  but  this  much  ia  certain,  that  odors  are  pleasant  or  off m« J 
in  a  relative  sense  onlj^  for  many  animals  pass  their  existence  in  I 
midst  of  odors  which  to  us  are  highly  disagreeable.  A  great  differenof] 
in  this  respect  is,  indeed,  observed  amongst  men:  many  odors,  generalln 
thought  agreeable,  are  to  some  persons  intolerable;  and  different  J«^l 
aona  describe  differently  the  sensations  that  they  severally  derive  J 
the  same  odorous  substances.  There  seems  also  to  be  in  some  ] 
an  insensibility  to  certain  odors,  comparable  with  that  of  the  eye  to  I 
tain  colors;  and  among  different  j>ersona,  as  great  a  difference  in  I 
acuteness  of  the  sense  of  smell  as  among  ethers  in  the  acuteneas  of  I 
We  have  no  exact  proof  that  a  relation  of  harmony  and  disharinonje 
between  odors  as  between  colors  and  sounds;  though  it  is  probable  I 
such  IB  the  caae,  since  it  certaiuly  is  so  with  regard  to  the  sense  d\ 
and  since  such  a  relation  would  account  in  some  measure  for  the  dili^| 
ent  degrees  of  perceptive  power  in  different  persons;  for  as  some  I 
no  ear  for  music  (as  it  is  said),  so  others  have  no  clear  appreciation i 
the  relation  of  odors,  and  therefore  little  pleasure  in  them. 

Sutjecfive  ifenj<(rfktns*— The  sensations  of  the  olfactory  nerves,  ind 
pendent  of  the  external  application  of  odorous  substances,  have  hit 
been  little  studiod.     The  friction  of  the  electric  machine  proda 
smell  like  tliat  of  phosphorus.     Ritter^  too,  has  observed,  that  tfc 
galvanic  current  is  applied  to  the  organ  of  smell,  besides  the  in 
to  sneeze,  and  the  tickling  sensation  excited  in  the  filaments  of  the  f 
nerve,  a  smell  like  tliat  of  ammonia  was  excited  by  the  negatiTepole,iwi 
an  acid  odor  by  the  positive  pole;  whichever  of  these  sensations  werep»j 
duc-ed,  it  remained  constant  as  long  as  the  circle  was  closed,  audchi 
to  the  other  at  the  moment  of  the  circle  being  opened.     Subjective  i 
sations  occur  frerpieutly  in  connection  with  the  sense  of  smelL    Fw 
qnently  a  person  smells  something  which  is  not  present,  and  which  < 
persons  cannot  smell ;  this  is  very  frec|uent  with  nervous  people,  but! 
casionally  happens  to  every  one.     In  a  man  who  was  constantly  con 
of  a  bad  odor,  the  arachnoid  was  found  after  death  to  be  befeu 
deposits  of  bone,  and  a  lesion  in  the  middle  of  the  cerebral  hemisp 
waa  also  discovered*     Dubois  was  acquainted  with  a  man  who,  e^erl 
a  fall  from  his  horse,  which  occurred  several  years  before  his 
believed  that  he  smelt  a  bad  odor. 
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lY.  Hearing. 

Anatomy  of  the  Bar. — For  descriptive  purposes,  the  Ear,  or  OrgMi 

Hearing,  is  divided  into  three  parts,  (1)  the  external,  (2)  the  middle, 

id  (3)  the  internal  ear.     The  two  first  are  only  accessory  to  the  third 


'H 


';^r 


^''■^r 


^•. 


9lf.  400,— Dia^irratnmiitic  Tiew  from  V^efore  of  the  portB  compoBtug  the  orean  of  heating  of 

left  eide.     Tbo  ti*iii|K)ral  tKnoe  of  the  left  side,  with  the  ocoompAnyinK  soft  porta^  has  betm 

iCbed  from  the  heaa,  and  u  Kection  tma  been  tmrrit^l  thr^nigh  it  trana.vL>rs^lv\  ho  aH.  lo  remote 

Jbxmt  of  the  nieatUH  ♦^'xternus,  half  the  tympanic  memhraoe,  the  upfnr*r  and  ant*!!rior  wall  ot 

Loum  and  KiHtat-hian  tuilx*,     The  meatufi  int^ertius  haa  also  htM?n  opened,  and  the  bony 

exptwtnl  by  the  removal  of  th^*  !*iirrotjadiii^  parts  of  the  |)«itroii«  hone.     1,  the  pi  ana 

,  2»  :f\  njeattiH  esternus;   2\  niemhrautt  tympaui;   3,  cavity  of  tiie  tynipanum;  a\  lis 

^  backwarti  into  the  maKtoid  w ll»;  Ijptwt'cn  H  ami  3\  the  chain  ol  small  bones;  I,  EqbUL' 

tube;  5,  meatus  iDtemiui,  eontaiulnj^  the  facial  (uppermost)  and  the  auditory  nerves;  A, 

I  OD  the  vestihul*?  of  the  tohjrrinth  above  thts  fHii«jtra  tjvalirt;  a,  a|>ex  of  the  petrouB  boo©; 

tsilero&l  carotid  artei-y:  r,  styloid  process;  d,  facial  nerve  isHuin^  from  the  stytO'EiiastoId 
men ;  c,  nuutold  process ;  /,  squamous  part  of  tlie  bone  oorered  by  inte^umeot,  etc .    (Arnold,  > 

internal  ear,  which  contains  the  essential  parte  of  an  organ  of  hear- 
The  accompanying  figure  shows  very  well  the  relation  of  these 

isions,  one  to  the  other  (fig.  409), 

External  Ear* — The  external  ear  consists  of  the  pinna  or  auricle 
licj  the  external  audiiorij  eanal  or  meatus. 

The  principal  parts  of  the  pinna  (fig.  409)  are  two  prominent  rims 
Closed  one  within  the  other  {heUx  and  antihelix),  and  inclosing  a  cen- 
A  hollow  named  the  concha;  in  front  of  the  concha,  a  prominence 
t'ected   hack  ward  5  the  tragus^  and  opposite  to  this  one  directed  for* 

d,  the  aniiiragus.     From  the   concha,  the  auditory  canal,  with   a 
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flliglit  arch  directed  upward,  passes  inward  and  a  little  forward  to  ib# 
membrana  tympani,  to  which  it  thus  serves  to  convey  the  vibrating  air. 
Its  outer  part  consists  of  fibro- cartilage  continued  from  the  concha;  its 
inner  part  of  bone.  Both  are  lined  by  skin  continuous  with  that  (rf 
tlie  pinna,  and  extending  over  the  outer  part  of  the  me^nhrana  tympafj^ 

Toward  the  outer  part  of  the  canal  are  fine  hairs  and 
glands^  while  deeper  in  the  canal  are  small  glands,  reeembling  thei 
glands  in  structure,  which  6*n-reto  the  cerumen. 

Middle  Ear  or  Tympanum,— The  middle  ear,  or  tympanum  (3, 
^g,  4011),  iiS  separated  by  the  membrana  ff/mpani  from  the  eitenial 
auditory  canal.  It  is  a  cavity  in  the  temporal  bone,  opening  through 
its  anterior  and  inner  wall  into  the  Eustachian  tube,  a  cyiindrifons 


t-f-1 


Fig.  410. 


Fig.  411. 


Fig.  Ill 
1,  tbe  head;  3,  zuck;  31^ 


F1(t.  4ltiL— The  h*mroer-bono  or  Bt&Ueua,  seen  from  the  front. 
prooeis;  4.  Xouz  prociisi*.    CSchwuUjeJ 

Fiit-  411.  "Thf  tru^tis,  or  anvil-bone,     t,  body;    2,  ridKe^l  artiL-ulatioo  for  the aiAtltw;  ill|^ J 
CMmuncirfiTiH*  with  5.  rough  Arttcular  s^iirfaee  for  Utrammt  of  incus;  6,  prooe«i»  i 
articulation;  8urf*i<'e  forat/iptw;  7,  nutrient  forauieu.     <  He  h  will  be.  j 

Fl^.  412.— Tht_»  Ht«iit^,  or  «tlrrii«t»od«\     I,  ba«e;   8  ami  X  arch :  4,  heiwl  of  bane,  irhldil 
Utc»  with  orbk'ular  proces*  of  tn<5 
C8cbwiab«-0 


iuciu;  5,  tjoastricteil  \i&rt  of  neck;   6,  one  ot  Uwl 


flattened  canal,  dilated  at  both  ends,  composed  partly  of  bone  and  | 
of  elastic  cartilage,  and  lined  with  mucous  membrane.  Tbis  cati*l  «i"l 
tablishes  communicatiou  between  the  tympanic  cavity  nnd  pharpXj 
equalizing  the  air  presnure  on  eitlier  side  of  the  tympanic  membr 
some  respects  serving  the  same  mechanical  purpose  as  the  vent-hole 91 
a  snare  or  bass  drum,  It  opens  luto  the  cavity  of  the  pharyni  ju?t  b*- [ 
hind  the  posterior  aperture  of  the  nostrils.  The  cavity  of  the  \pu 
pan u in  communicates  posteriorly  with  air  cavities^  the  mmtoid  ctUi^l 
tliL'  irmstoid  proceari  of  the  temporal  bone;  but  its  only  opeDing  tf)t 
extt'inul  air  is  through  the  Eustuelnan  tube  (4,  fig.  400).  The  walll^ 
the  tympanum  arc  osseous,  except  whore  apertures  in  them  are  clflrfl 
with  membrane,  as  at  the  feuefitra  rotunda  and  fenestra  ovalis,  and  il  1 
the  outer  part  where  the  bone  is  replaced  by  the  membrann  tyinpiBJ.j 
The  cavity  of  the  tympanum  is  lined  with  mucous  membrane,  the c 
thelium  of  which  is  ciliated  and  contimioiis  with  that  of  the  ' 
It  contains  a  chain  of  small  bones  {ossirfda  fitniifun)  which  exW 
the  membrana  tympaui  to  the  fenestra  oval  is. 
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The  menibrana  tympani  ia  placed  in  a  slanting  direction  at  the  bot- 
om  of  the  external  imditory  canal,  its  plane  being  at  an  angle  of  about, 
with  the  lower  wall  of  the  canaL  It  is  formed  chiefly  of  a  tough 
ad  tense  Obroue  membrane,  the  edges  of  which  are  set  in  a  bony  groove; 


1— r 


<.^-t 


^ 


Ui 


fiS(.  413*— iDterior  view  of  the  trmpftiium,  with  membmTm  tympaiil  antl  (joneB  In  n&tural 
itfioD.     K  Srlembraoa  tympi*a.i ;  SJ,  Eustachian  tube;  3,  t  "  " 


'. ;  tti  cortia-Cfmpajii  oervf} ;  a^  b,  and  c\ 


outer  surface  la  covered  with  a  continuation  of  the  cutaneous  lining 
f  the  auditory  canal,  its  inner  surface  with  part  of  the  ciliated  mucous 
cnibrane  of  the  tympunum. 

The  ossicIes  are  three  in  number;  named  malleus,  incna,  and  stapes, 
lie  malleiirt,  or  hammer- bone,  h  attached  by  a  long  slightly-curved  pro- 

t^  called  its  handle,  to  the  membrana  tympani;  the  line  of  attachment 
fug  vertical,  including  the  whole  length  of  the  handle,  and  extending 
^€»m  the  upper  border  to  the  centre  of  the  membrane.  The  head  of  the 
Imlleus  is  irregularly  rounded ;  its  neck,  or  the  line  of  boundary  between 

and  the  handle,  supports  two  processes;  a  short  conical  one,  which 
►<3eives  the  insertion  of  the  lenmr  ttpffpani\  and  a  blender  one,  processus 
hiid*/!*,  which  extends  forward,  and  to  which  the  iaxator  ipnpani  ibu^cIq 
uttached.     The  ifwus^  or  auvil-boue,  shaped  like  a  bicuspid  molar  tooth, 

articulated  by  its  broader  part,  corresponding  with  the  surface  of  the 
■c>wn  of  a  tooth,  to  the  malleus.     Of  its  two  fang-like  processes,  one, 

eeted  backward,  has  a  free  end  lodged  in  a  depression  in  the  mastoid 
^ue ;  the  otber,  curved  downward  and  more  pointed,  articulates  by  means 

a  roundish  tubercle,  formerly  called  os  orbiculare^  with  the  stapes,  a 

tie  bone  shaped  exactly  like  a  stirrup,  of  which  the  base  or  bar  fits  into 
i^  fenestra  oval  is.  To  the  neck  of  the  stapes,  a  short  process,  correspond- 
^  with  the  loop  of  the  stirrup,  is  attached  the  stapedius  muscle. 

The  bones  of  the  ear  are  covered  witli  mucous  membrane  reflected  over 
^m  from  the  wall  of  the  tympantrm;  and  are  movable  both  altogether 
i^  one  upon  the  other.     The  malleus  moves  and  vibrates  with  every 

vement  and  vibration  of  the  membrana  tympani,  and  its  move- 
^Btfi-are  communicated  through  the  incus  to  the  stapes,  and  through 
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It  to  the  membrftne  closing  the  fenestra  ovalis.  The  mallem,  tiiov 
is  movuble  io  ita  articulation  with  the  incus;  and  the  membniDi 
tympani  moving  with  it  is  altered  in  its  degree  of  tension  by  the  laator 
and  tensor  tympani  muscles.  The  stapes  is  movable  on  the  prooeaot 
the  incus,  when  the  stapedius  muscle  acting,  draws  it  backward.  Tlit 
axis  round  which  the  malleus  and  incus  rotate  is  the  line  Joining  the  pro- 
cessus gracilis  of  the  malleus  and  the  posterior  (short)  process  of  the  incm 

The  Internal  Ear, — The  proper  organ  of  hearing  is  formed  by  tb 
distribution  of  the  auditory  nerve  within  the  internal  ear,  or  kh^mtl^ 
a  set  of  cavities  within  tlie  petrons  portion  of  the  temporal  bone.  Tin 
bone  which  forms  the  walls  of  these  cavities  is  denser  than  that  »nmiii 
it,  and  forms  the  oaseous  labyrinth;  the  membrane  within  the  cayitin 
forms  the  membranous  labi/ritUh.  The  membranous  labyrinth  eoDtainii 
fluid  called  endolymph;  wiiile  outside  it,  between  it  and  the  osgeow 
labyrinth,  is  a  fluid  called  perilymph.  This  fluid  is  not  pure  lympti; 
as  it  contains  mucin. 

The  osseous  labyrinth  consists  of  three  principal  partg»  nam^ 
the  vestibule^  the  f:ochlva^  and  the  semicircular  canaU, 

The  t^e^siibule  is  the  middle  cavity  of  the  labyrinth,  and  the 
organ  of  the  whole  auditory  apparatus.     It  presents,  in  its  innermlli 


Flff.  414. 


Fig.  41B, 
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F*!?.  414.— Right  bony  labyrinth^  viewwl  from  the  outer  side.    The  speclroen  here  r 
te  Dr9p«red  by  fleparatlog  piecemeal  the  locwter  fiulmtanci^  of  the  petrotis  bone  fitun  i 
walls  which  fmniedlately  tnoloee  tho  Inbyrinth.    1,  the  vestibule;   S,  fenesd«  OTftll>;  ^*^ 
■emiclrotilar  c^nal ;  4.  htiHzontal  or  external  eanal ;  5,  pt^terior  canal ;  *,  ampuUiP  of  tMi 
circular  canals ;  0,  flmt  turn  of  the  cochloa;  7,  second  turn;  8*  apex;  0,  feneitrft  — *-*^^ 

■mailer  ftgriro  in  outline  t>elow  shows  the  natural  sir^.     —^     (Simmering.) 

Fig.  41fi,— Viev  of  tha  int<»rior  of  the  left  labjointh.  The  bony  wall  of  the  kbyria^*ii| 
movecf  m  periorly  and  ejct^rnaUy.  J,  Fovea  hfuiielUptica:  S,  forf*a  hrniispberfci:  *,  eojj 
openios'  of  the  si'inrHor  and  iR»st*rior  semicircular  imnaLn;  4,  <>i  tIms  aqiiedortw" 

▼ewtibule;    B,  the  Kujierlor^  fi,  the  i»nfit**rior,  an<l   7,  thi?  external  r  cawli:  * 

t«ibe  of  the  t'cx^hlesa  (gcala  tympani  I ;  9,  opmjtig  of  the  aq  tied  tic.  iJea;  Kt  I 

the  lamina  Bpiralis  in  the  ac&la  re^tlbuli.    ^    (Simmering.) 

several   openinga   for   the  entrance   of  the   divisiouB  of  tlie  aadiwTj 
nerve;    in   ita   outer  wall,  the  fenestra   oralis  (tj,  fig.  414),  an  ojn^^fc^ 
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kg  tiled   by  the   base  of   the   stapes;   in  its   posterior   and   superior 

Is,  five  openings  by  which  the  fiemicircvlar  eanah  communicate  with 

in  its  anterior  wall,  an  opening  leading  into  the  cochlea.     The  hinder 

t  of  the  inner  wall  of  the  vestibule  also  presents  an  opening,  the 

,C0  of  the  aquwduciiis  vestibuUy  a  ennal  leading  to  the  posterior  niar- 

of  the  petrous  bone,  with  uncertain  contents  and  unknown  purpose. 

The  semicircular  camils  {figs,  414,  4151  are  three  arched  cylindri form 

y  canals,  set  in  the  substance  of  the  petrous  bone.     They  all  open  at 

lb  ends  into  the  vestibule  (two  of  them  first  coalescing).     The  ends  of 

ih  are  dilated  just  before  opening  into  the  vestibule;  and  one  end 

tug  more  dilated  than  the  other  is  called  an  amptdla.     Two  of  the 

lials  form  nearly  vertical  arches;  of  these  the  superior  is  also  anterior; 

I  posterior  is  inferior;    the  third  caual  is  horizontal,  and  lower  and 

Sorter  than  the  otiiers. 

The  CQchlm  (0,  7,  8>  figs*  414  and  415),  a  small  organ,  shaped  like  a 
nmon  anail-shell,  is  situated  in  front  of  the  vestibule,  its  base  resting 
,  the  bottom  of  the  internal  meatus,  where  Bonic  apertures  transmit 
I  it  the  cochlear  filaments  of  the  auditory  nerve.  In  its  axis,  the 
^lea  is  traversed  hy  a  conical  cohmin,  the  mofiiolus^  round  which  a 
h?/  canul  winds  with  about  two  turns  and  a  half  from  the  base  to  the 
|X.  At  the  apex  of  the  cochlea  the  canal  is  closed ;  at  the  base  it 
fesents  three  openings^  of  which  one,  already  mentioned,  communicates 
kh  the  vestibule;  another  called /t'^/^.s/rrt  rotunda^  is  separated  by  a 
tonbrane  from  the  cavity  of  the  tympanum;  the  third  ia  the  orifice  of 
t  aqumducius  cockletv,  a  canal  leading  to  the  jugular  fossa  of  the 
krous  bono,  and  corresponding,  at  least  in  obscurity  of  purpose  and 
in,  to  the  aqufeduetus  vestibuli.  The  spiral  canal  ia  divided  into  two 
.ges,  or  scala?,  by  a  partition  of  bone  and  membrane,  the  lamina 
'alia.  The  osseous  part  or  zone  of  this  lamina  is  connected  with  the 
^iolus. 

I  The  Membranous  Labyrinth,— The  membranous  labyrinth  corre- 
mds  generally  with  the  form  of  the  osseous  labyrinth,  so  far  as  regards 
vestibule  and  semicircular  canals,  but  is  separated  from  the  walls  of 
parts  by  perilymph,  except  where  the  nerves  enter  into  connection 
in  it.  The  labyrinth  is  a  closed  membrane  containing  endolyraph, 
ch  is  of  much  the  same  composition  as  perilymph,  but  contains  less 
d  matter.  It  is  somewhat  viscid,  as  is  the  perilymph,  and  it  is 
ted  by  the  epithelium  lining  its  cavity;  all  the  sonorous  vibrations 
ressing  the  auditory  nerves  in  these  parts  of  the  internal  ear,  are 
ducted  through  fluid  to  a  membrane  suspended  in  and  containing 
d.  In  the  cochlea,  the  membranous  labyrinth  completes  the  septum 
een  the  two  scalWy  and  incloses  a  spiral  canal,  previously  mentioned, 
cd  c^nalis  membi^anaeens  or  canalis  cochlem  [fig.  417).     The  fluid  in 
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the  scalcp  of  the  cochlea  is  contiuuous  with  the  perilymph  in  theTerti- 
bule  and  semicircular  canals,  and  there  is  lio  fluid  exierixal  to  ita  Mug 
meinbrane.     The  vestibular  portion  of  the  membranous  labyrinth  coift- 
priaefi  two,  probably  etimmunicuting  C4ivitiee,  of  which  the  larger  id 
upper  ia  named  the  ttirtculns;    the   lower,    the  sac€ulu».      Thej  m 
lodged  in  depressioiis  in  the  bony  labyrinth,  termed  respeetiTely/wi 
hemieUiptica  and  fm^va  hemupkerica.     Into  the  former  open  the  oiificisti!  i 
the  membranous  semicircular  canals;  into  the  latter  the  canulu  €odk]f».  | 
The  membranous  labyrinth  of  all  these  parts  is  laminated,  tran&pMrnt, 
very  vascular,  and  covered  on  the  inner  enrface  with  nucleated  cells,  <tf  I 
which  those  that  line  the  ampulla?  are  prolonged  into  stiff  hairdikprfr 
coeaes;  the  same  appearance,  but  to  a  much  less  degree,  being  risible  Qi I 
ihe  utricuie  and  saccule.     In  the  cavities  of  the  utrieulus  and  acoolBI 
itfe  small  masses  of  calcareous  particles,  oiocania  or  oiolUh;  and  thi 
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Uie  tuodlalus  tie«r  oatf  uf  thv  Mections  of  the  caw  is  npirvils  modiolL    x  &.    (ArouldJ 

same,  although  in  more  minute  quantities,  are  to  be  found  in  the  interi* 
of  some  other  parts  of  the  nitmibranous  labyrinth. 

Auditory  Nertm, — All  the  organs  now  descril>ed  are  provided  for thi 
appropriate  exposure  of  the  filaments  of  the  auditory  nerve  to  sonorod 
ii  brat  ions.     It  is  characterized  as  a  nerve  of  special  sense  by  it-i  snfnit^ 
{whence  it  derived  its  name  of  port  io  moil  is  of  the  seven  th  pair 
the  fineness  of  its  component  fibres.     It  outers  the  bony  canal  (tht- 
miditorius  iniernus),  with  the  facial  nerve  and  the  nervus  interau 
and,  traversing  the  bone,  enters  the  labyrinth  at  the  angle  between 
base  of  the  cochlea  and  the  vestibule,  in  two  divisions;  one  for  the 
tibule  and  semicircular  canals,  and  the  other  for  the  coehleiu 

There  are  two  branches  for  the  vestibule,  one,  superior,  difitrihatrfj 
to  the  ntricule  and  to  the  superior  and  horizontal  semi  circular  canA 
and  the  other,  inferior,  ending  in  the  saccule  and  posterior  semieiival*^ 
cauaL  Wliere  the  nerve  comes  in  connection  with  the  utricuie 
saccule,  the  structure  of  the  membrane  is  modified  some  why  ^ 
places  are  called  maciilm  acuaticm.  The  epithelium  in  this  reg. 
we  shall  see  directly,  oonsiderably  specialized,  and  where  the  nerretf  i* 
connection  with  the  ampiillfe  of  the  semicircular  canals,  too,  the 
ore  is  altered,  becoming  elevated  into  a  horse-shoe  ridge,  which  pfoj 
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iothe  interior  of  the  cavity,  forming  the  crista  a^usiica.  Here,  too, 
5  epithcHum  is  of  a  special  kind.  The  nerve  fibres  spread  out  and 
liate  on  the  inner  surface  of  the  membrauous  hthvrinth:  their  exact 
toination  is  uncertain.  The  distribution  of  the  other  division  of  the 
iitory  nerve,  the  cochlear,  will  be  more  clearly  understood  after  the 
icription  of  the  cochlea  itself, 

Sirucinre. —The  structure  of  the  membranous  labyrinth  consists  of 
Be  coats,  externally  a  layer  of  areolar  tissue,  next  a  hyaloid  membrane, 
rated  into  minute  papillae,  and  internally  a  layer  of  flattened  epi- 
um.     At  the  position  where  the  branches  of  tbo  vestibular  branch 
e  auditory  nerve  join  it,  viz,,  at  the  Siiccole,  utricule,  and  ampulhe 
e  semicircular  canals,  there  is  a  marked  difference  in  the  structure, 
external  and  middle  layers  are  thicker  and  tlje  epithelium  becomes 
mnar.     The  epithelium  in  which  the  fibres  of  the  vestibuhir  nerve 
said  to  terminate  are  of  two  kinds,  called  cj/linder  or  hair  celh^  and 
e^Ih,     The  hair  cells  occupy  only  one-half  of  the  thickness  of  the 
brane;  from  their  inner  end  hair-like  processes  project  into  the 
ty  of  the  labyrinth.     Their  outer  end  is  rounded  and  contains  u 
:e  round  nnclens.     To  these  cells  the  primitive  fibrillar  of  the  axis 
ders  pass  up,  some  of  them  being  diatinctly  varicose.    .The  exact 
,tion  of  the  nerve  fibrillar  to  the  hair-cells  is  unknown;  by  some  they 
believed  actually  to  enter  the  cells,  by  others  they  are  stated  to  form 
nd  of  nest  uf  fibrillin  into  which  the  cells  fit.     The  rod-cells  are  of 
hat  varying  form*     They  are  elongated  cells  extending  from  the 
to  the  basement  membrane,  broad  at  the  upper  oi*  surface  end, 
containing  oval  nuclei  towanl  their  attached  end,  but  not  exactly  at 
same  level  in  all  cases.     These  nuclei,  therefore,  form  a  distinct 
A  unclear  layer  on  a  vertical  section  of  the  membrane,  as  the  cello 
numerous,  much  more  so,  indeed,   tlian  the  other  variety  of  cell. 
h  lower  or  attached  part  of  the  cell  may  be  branched. 
•The  membranous  part  of  the  cochlea,  with  a  m oscular  zone,  forming 
uter  margin,  is  attached  to  the  outer  wall  of  the  canal.     (.'Ommenc- 
the  base  of  the  corblea,  ?>elween  its  vestibular  and  tympanic  open- 
it  forms  a  partition  between  these  apertures;  the  two  se alas  are, 
fore,  in  correspondence  with  this  arrangement,  named  svah  vetifi- 
\  and  scaia  iympani  (fig.  417).      At  the  apex  of  the  cochlea,   the 
ina  spiralis  ends  in  a  small  harnuluSj  the  inner  and  concave  part  of 
K:h,  being  detached  from  the  summit  of  the  modiolus,  leaves  a  small 
Hure  named  helicotrema^  by  which  the  two  scalas,  separated  in  all  the 
[  of  their  length,  communicate, 

^Besides  the  scala  vestibuli  and  scala  tympani,  there  is  a  third  space 
ii^een  them,  called  sf4tla  media  or  cfma!  memhranaeeus  (OC,  fig,  417). 
lection  it  is  triangular,  its  external  wall  being  formed  by  the  wall  of 
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the  cochlea^  its  upper  wall  (separating  it  from  the  scala  Tefltibidi)bf 
the  membrane  of  Heisgner^  and  its  lower  wall  (separating  it  from  tlift 
Bcala  tynipani)  by  the  baBilar  membrane,  these  two  meeting  at  tbeoatei  i 
edge  of  the  bony  lamina  spiralis.     Following  the  turns  of  the  oocbleito  ' 
its  apex,  the  scala  media  there  terminates  blindly;  while  toward  thcbiBa 
of  the  cochlea  it  is  also  closed  with  the  exception  of  a  rery  nanotpn- 1 
sage  (eanalia  reiiniens)  uniting  it  with  the  saccnlns.     The  scala  medii  | 
(like  the  rest  of  the  membranous  labyrinth)  contains  mdoltfmph. 

Organ  of  Cor ii, — -Upon  the  basilar  membrane  are  arranged  c«U3if  | 
rarious  shapes.     About  midway  between  the  outer  edge  of  the  laffiia*  | 
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i1|f.  417.— Section  tlxniugh  one  of  tlie  coik  of  the  cochlea  Cdiaffnunmoti^'^     ^r  4^1a  tT» 
pAOf ;   SV^  8calA  vestibiiU ;   C'C,  eiuiAlifl  cTOChJece  or  canal i«(  uidLmbranaoeu^  '"  ''  < 

Kelnuier;  i$o^  lamina  spiralis  omeia;  Um^  limbuB  liunlnip  Hi>iralis;  m,  «u1cui»s} 

oerre;  ot,  eanfflian  Bpiml«:  f.  membraniL  tectoriA  (below  the  mecnbnuui  ttx-u ^^ 

recticularia) ;  6,  meiDbraaa  lMuilUii«;  Cto,  rods  of  Cotti;  J^«  ligataenttim  spinle.    ^yuu&l 


spiralis  and  the  outer  wall  of  the  cochlea  are  situated  the  rvds  ef  i 
Viewed  sidewnys,  they  are  seen  to  eoiiisist  of  an  external  and  internJ] 
pillar,  each  rising  from  an  expanded  foot  or  hose  on  the  basilar  meci- 
brane  (o,  «,  fig.  418).     They  slant  inward  toward  each  other,  and  eidlj 
ends  in  a  swelling  termed  the  head ;  tlie  head  of  the  inner  piDiir  owTlf-l 
ing  that  of  the  outer  (fig.  418),     Each  pair  of  pillars  forms,  a.=  \i^^^ 
a  pointed  roof  arching  over  a  space,  and  by  a  succession  of  tin 
tunnel  is  formed. 

It  hiis  been  estimated  that  there  are  about  3000  of  these  paireolj 
lara,  in  proceeding  from  the  base  of  the  cochlea  toward  ita  apex. 
are  found  progressively  to  increase  in  length,  and  become  moreobK? 
in  other  words  the  tunnel  becomes  wider,  but  diminishes  in  height  isi 
approach  the  apex  of  the  cochlea.     Leaning,  as  it  were,  against  t 
external  and  internal  pilhirs  are  certain  other  cells,  of  which  thee 
ones,  hair  eelUy  termmr;te  in  small  hair-like  processes.     Most  rfl 
above  details  are  shown  in  the  accompanying  figure  (fig*  418) 
complicated  structure  rests,  as  we  have  seen,  upon  the  basilar  membfl 
it  is  roofed  in  by  a  remarkable  fenestrated  membrane  or  lamins  reti 
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Tig.  41^— Visrtlcal  Bectlon  of  the  orf^an  of  Corti  from  the  do^.    1  to  2,  H*Jinoji'«^nernifii  layff 
,llH»  so-called  membr&na  boKJlariH;    u,  vi^tlhiilar  layi^r;  i\  tympanal  layer,  with  nuekiL  and 
o,  jiroloingatlon  of  tyiKiimnal  p*?rio«ti?uiii  of  lamfna  HpiraliH  oftscft;   c,  thickened 


Lt  of  the  membriknii  haMjlarii)  ti^ar  the  point  of  iierronition  of  the  Qervefi  A;  d, 
._-  (ra»  sfilrnl?);  «•,  hlood-ve«8Pl;  f,  neme;  g,  the  epuhf^lhim  of  the  «iiIcijh  Bpiralls 
i,  iDtemal  OP  tufLcnl  i*ell,  with  bafli)  nroceBB  Jtj,  mirrouudeii  with  nuol*?i  flnxl  protoplasm 
Iba  eraaiiilar  Ittyer),  into  irhich  the  nerve-flbre»  radiatp;  f,  haSm  <>f  the  internal  halrcell;  n, 
i» or  foot  of  inner  pillar  of  orj^an  of  Corti;  m,  bead  of  tho  Rame  iMittln^  with  the  correttpoud- 
^pwltof  at)  PTcternal  pillar,  wboae  uader  half  fs  miflsinfir,  while  the  next  pillar  beyond,  o,  pro- 
'  i  both  middk*  portion  and  biiH« ;  t  m  d,  three  external  hair-cells:  f,  ba*e«  of  two  nelghhorluj| 
or  tufted  cella;  x«  no-called  fliipiiortltiiB:  cell  of  HeoBeii^  ir«  nerve-flhre  t^firminatlng  In  thefiral 
ma  eztenial  liair-cell»;  I  I  to  i  lamina  ret (culiu-iB.     x  800.     (Waldeyer) 

rth  the  rods  of  Corti  and  the  cells  inside  and  outaide  them,  and  proba^ 
^  projecting  by  free  ends  into  the  little  tunnel  containing  fluid  (roofed 

bj  them),  are  filaments  of  the  auditory  nerve.  These  are  derived 
^m  the  cochlear  division  already  mentioned.     This  passes  np  the  asia 

the  cochlea  J  and  in  its  course  gives  off  fibres  to  the  lamina  spiralis, 
lese  fibres  are  thick  at  their  origin,  but  thin  out  peripherally,  and 
btaining  bipolar  ganglion  cells  form  the  ganglion  spirale.  Beyond 
B  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up  and  become 
tinected  with  the  organ  of  Corti. 


The  Physiology  of  Hearing. 

All  the  acoustic  contrivances  of  the  organ  of  hearing  are  means  for 

ducting  sound*  Since  all  matter  is  capable  of  propagating  sonorous 
rations,  the  simplest  conditions  must  be  sufficient  for  mere  hearing; 

all  substances  surrounding  the  auditory  nerve  would  stimulate  it. 
€  whole  development  of  the  organ  of  hearing,  therefore,  can  have  for  its 
ect  merely  the  renderiag  more  perfect  the  propagation  of  the   sono- 

s  vibrations^  and  their  multiplication  by  resonance;  and,  in  fact,  the 

le  of  the  acoustic  apparatus  may  be  shown  to  have  reference  to  these 

ciples. 

The  external  auditory  passages  infiuence  the  propagation  of  sound 
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to  the  tympanum  in  three  ways: — 1,  by  causing  theflonoroHS  andulatioos, 
entering  directly  from  the  atmosphere,  to  be  transmitted  by  tk*  air  is 
the  passage  immediately  to  the  membrana  tympani,  and  thus  [i 
them  from  being  dispersed^  2,  by  the  walls  of  the  passage  cm         . 
the  sonorous  undulations  imparted  to    the  external  ear  itself,  by  tin 
shortest  path  to  the  attach ment  of  the  membrana  tympanic  and  ao  to  tlui 
membrane;  3,  by  the  resonance  of  the  column  of  air  contained  withintbi 
passage ;  4,  the  external  ear»  especially  when  the  tragus  is  provided  litk 
hairs,  is  also,  doubtless,  of  service  in  protecting  the  meatus  and  DfiOh 
brana  tympaui  against  dust,  insects,  and  the  like* 

Regarding  the  cartilage  of  the  external  ear,  therefore,  as  a  condacter 
of  sonorous  vibratioug,  all  its  inequalities,  elevations,  and  depreramHb 
become  of  evident  importance;  for  those  elevations  and  depressions npiBt 
which  the  undulations  fall  perpendicularly,  will  be  affected  by  themia 
the  most  intense  degpee;  and,  in  consequence  of  the  various  form  and 
position  of  these  inequalities,  sonorous  undulations,  in  whatever  difw- 
tion  they  nmy  come,  must  fall  perpendicularly  upon  the  tangent  of  mM 
one  of  them.  This  alfords  an  explanation  of  the  extraordinary  form 
given  to  this  part. 

In  animals  living  in  the  atmosphere,  the  sonorous  vibrations  are  coik 
veyed  to  the  auditory  nerve  by  three  different  media  in  sai 
namely,  the  air,  the  solid  parts  of  the  body  of  the  animal  and 
auditory  apparatus,  and  the  fluid  of  the  labyrinth.  Sonorous  vibruliMi 
are  imparted  too  imperfectly  from  air  to  solid  bodies,  for  the  pi 
tion  of  sound  to  tlie  internal  ear  to  be  adequately  effected  by  that 
atones  yet  already  an  instance  of  its  being  thus  propagated  has 
mentioned.  In  passing  from  air  directly  into  water,  sonorous  Tilai" 
tions  suffer  also  a  considerable  diminutiun  of  their  strength;  but  if  ^_ 
tense  membrane  exists  {between  the  air  and  the  water,  the  sonoroDS 
brations  are  communicated  from  the  former  to  the  latter  mediom 
very  great  intensity.  This  fiiet,  of  wbieh  MuUer  giym  experiinentil 
proof,  furnishes  at  once  an  expltination  of  thetise  of  the  fenestra  njtnndii 
and  of  the  membrauo  closing  it.  They  are  the  means  of  communicii* 
ing,  in  full  intensity,  the  vibrations  of  the  air  in  the  tympanum  to 
the  fluid  of  the  labyrinth.  This  peculiar  property  of  membrsDefi*  tin 
result,  not  of  their  tenuity  alone,  but  of  the  elasticity  and  capabilitjrf 
displacement  of  their  particles;  and  it  is  not  impaired  wheu,  like  tin 
membrane  of  the  fenestra  rotunda,  they  are  not  impregnattd  *i4 
moisture. 

Sonorous  vibrations  are  also  communicated  without  any  perccptil* 
loss  of  intensity  from  the  air  to  the  water,  when  to  the  membraae  fom-j 
ing  the  medium  of  commnnicatiou^  there  is  attached  a  short,  solid  Mf» 
which  occupies  tho  greater  pai't  of  its  surface,  and  is  alone  iu  cocnc* 
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ih  tbe  water.     This  fact  elucidates  the  action  of  the  feneetra  ovalis, 

of  the  plate  of  the  stiipea  which  occupies  it»  anJ^  with  the  preceding 

ct,  shows  that  both  fenestras — that  closed  by  membrane  only,  and  that 

Xh  which  the  movable  stapes  is  connected — ^tranarait  very  freely  the 

loroas  vibrations  from  the  air  to  the  linid  of  the  labyrinth. 

A  small,  solid  body,  fixed  in  an  opening  by  means  of  a  border  of 

imbrane,  so  as  to  be  movable,  communicates  sonorons  vibrations  from 

on  the  one  side,  to  water,  or  the  fluid  of  the  labyrinth,  on  the  other 

much  better  than  solid  media  not  so  constructed.     But  the  propa- 

ion  of  sound  to  the  fluid  is  rendered  much  more  perfect  if  the  solid 

iductor  thus  occupying  the  opening,  or  fenestra  ovalis,  is  by  its  other 

fixed  to  the  middle  of  a  tense  membrane,  which  baa  atmospheric  air 

both  sides.     A  tense  membrane  is  a  mueli  better  conductor  of  the 

.tions  of  air  than  any  other  solid  body  bounded  by  definite  surfaces: 

id  the  vibrations  are  also  communicated  very  readily  by  tense  mem- 

%ne&  to  solid  bodies  in  contact  with  them.     Thus,  then,  the  membrana 

inpani  serves  for  the  transmission  of  sound  from  the  air  to  the  chain 

'  ossicles.     Stretched  tightly  iu  its  osseous  ring,  it  vibrates  with  the 

f  in  the  auditory  passage,  as  any  thin  tense  membrane  will,  when  the 

r  near  it  is  throwTi  into  vibrations  by  the  sounding  of  a  tuning*fork 

5  a  musical  string.     And,  from  sucli  a  tense  vibrating  membrane,  the 

^rations  are  communicated  with  great  intensity  to  solid  bodies  which 

Bch  it  at  any  point.     If,  for  example,  one  end  of  a  flat  piece  of  wood 

applied  to  the  membrano  of  a  drum,  while  the  other  end  is  held  in 

S  hand,  vibrations  are  felt  distinctly  w4ien  the  vibratiug  tuning*fork 

held  over  the  membrane  without  touching  it;  but  the  wood  alone^ 

ihited  from  the  mendjraue,  will  only  very  feebly  propagate  the  vibra- 

I91S  of  the  air  to  the  baud. 

In  comparing  the  membrana  tympani  to  the  membrano  of  a  drum^ 

rwever,  it  is  necessary  to  ])oint  out  certain  important  differences. 

When  a  drum  is  struck,  a  certain  definite  tone  is  elicited  (funda- 

ital  tone);  similarly  a  drum  is  thrown  into  vibration  when  certain 

Siea  are  sounded  in  its  neighborhood,  while  it  is  quite  unaffected  by 

era.     In  other  words  it  can  only  take  up  and  vibrato  in  response  to 

Dee  tones  whose  vibrations  nearly  correspond  in  number  with  tliose  of 

own  fundamental  tone.     The  tympfinic  membrane  can  take  up  an 

laaense  range  of  tones  produced  by  vibrations  ranging  from  30  to  4000 

500O  per  second.     This  would  be  clearly  impossible  if  it  were  an 

uly  stretched  membrane. 

The  fact  is,  that  the  membrana  tympani  is  by  no  means  evenly 

etched,  and  this  is  due  partly  to  its  slightly  funnel-like  form,  and 

*tly  to  its  being  connected  with  the  chain  of  audi  tor  y*ossicles.     Fiir- 

\  if  the  membrano  were  quite  free  in  its  centre,  it  would  go  on 
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yibrating  as  a  drum  does  some  time  after  it  is  struck,  and  each»^ 
would  be  prolonged,  leading  to  considerable  confusion.  This  e^il  ii 
obviated  by  the  ear-bones,  which  check  the  continuance  of  the  TibratioM 
like  the  *'  danjpera"  in  a  pianoforte* 

The  ossicles  of  the  ear  are  the  better  conductors  of  thesonorouiti- 
brations  communicated  to  them,  on  account  of  being  isolated  by  m 
atmosphere  of  air,  and  not  eontinuons  with  the  bones  of  tlie  cmnioii; 
for  every  solid  body  thus  isolated  by  a  different  medium,  propogita 
vibrations  with  more  intensity  through  its  own  substance  than  it 
munieatos  them  to  the  surrounding  medium,  which  thus  prereatii 
depression  of  tlie  sound ;  just  as  the  vibrations  of  the  air  in  the  tab* 
used  for  conducting  the  voice  from  one  apartment  to  another  are p»* 
vented  from  Ijeing  dispersed  by  the  solid  walls  of  the  tube,  TheTibi' 
tions  of  the  membrana  tympani  are  transmitted,  therefore,  by  thechiitt 
of  ossicula  to  the  fenestra  ovalis  and  fluid  of  the  labyrinth,  their  dispep* 
sion  in  the  tympanum  being  prevented  by  the  difficulty  of  the  traniiuoo 
of  vibrations  from  solid  to  gaseous  bodies. 

The  necessity  of  the  presence  of  air  on  the  inner  side  of  the  m 
braiiu  tympani,  in  order  to  enable  it  and  the  ossicula  anditas  tofolffi 
objects  just  described,   is  obvious.      Without  this  provision,  nrii 
would  the  vibrations  of  tho  membrane  be  free,  nor  the  chain  of  bd 
isolated,  so  as  to  propagate  the  souorous  undulations  with  oonoen 
of  their  intensity.     But  while  the  oscillations  of  the 
membrana  tympani  are  readily  communicated  to  the  air 
in  the  cavity  of  the  ty mpainim,  those  of  the  solid  ossi* 
cula  will  not  be  conducted  away  by  the  air,  but  will  be 
propagated  to  the  labyrinth  without  being  dispersed  in 
the  tympanum. 

The  propagation  of  sound  through  tho  ossicula  tym* 
pani  to  the  labyrinth >  must  be  affected  either  by  oscil- 
lations of  the  bouees,  or  by  a  kind  of  molecular  vibration 
of  their  particles,  or,  most  probably,  by  both  these  kinds 
of  motion. 

It  has  been  shown  that  the  existence  of  the  mem- 
brane over  the  fenestra  rotunda  will  permit  approxima- 
tion and  removal  of  the  stapes  to  and  from  the  laby- 
rinth. When  by  the  stapes  the  membrane  of  the 
fenestra  ovalis  is  pressed  toward  the  labyrinth,  the 
membrane  of  tho  fenestra  rotunda  may,  by  the  pressure  commnni 
through  the  fluid  of  the  labyrintli,  be  pressed  toward  the  cavity  of 
tympanum. 

The  long  process  of  tho  malleus  receives  the  undulations  of  tb6 


,iia  tympani  (fig.  419,  a,  a)  and  of  the  air  in  a  direction  indicated  by 
arrows,  nearly  perpendicular  to  itself.  From  the  long  process  of 
malleus  they  are  propagated  to  its  head  (h):  thence  into  the  incus  (r), 
le  long  process  of  which  is  parallel  with  the  long  process  of  the  malleus, 
m  the  long  process  of  the  incna  the  undulations  are  communicated 
the  stapes  {d)y  which  is  united  to  the  incus  at  right  angles.  The 
eraJ  changes  in  the  direction  of  the  chain  of  bones  have,  however,  no 
uence  in  changing  the  character  of  the  nndulationa,  which  remain  the 
e  as  in  the  meatus  externus.  From  the  long  process  of  the  malleus, 
le  undulations  are  communicated  hy  the  stapes  to  the  fenestra  ovalis 
la  perpendicular  direction. 

I  Increasing  tension  of  the  membrana  tympani  diminishes  the  facility 

transmission  of  sonorous  undulations  from  tlie  air  to  it. 

The  dry  membrana  tympani,  on  the  approach  of  a  body  emits  a  loud 

tod,  rejects  particles  of  sand  strewn  upon  it  more  strongly  when  lax 

tin  when  very  tense;  and  it  has  been  inferred,  therefore,  that  hearing 

arendered  less  acute  by  increasing  the  tension  of  the  membrana  tym- 

The  pharyngeal  orifice  of  the  Eustachian  tube  is  usually  shut;  dur- 

Bwallowiug,  howeverj  it  is  opened;  this  may  be  shown  as  follows:— 

4he  nose  and  mouth  be  closed  and  tlie  elieeks  blown  out,  a  sense  of 

re  is  produced  in  both  ears  the  moment  we  swallow;  this  is  due, 

tbtlefiSf  to  the  bulging  out  of  the  tympanic  membrane  by  the  com- 

air,  which  at  that  moment  enters  the  Eustachian  tube. 

inilarly  the  tympanic  membrane  may  be  pressed  in  by  rarefying 

air  in  the  tympanum.     This  can  be  readily  accomplished  by  closing 

fe  mouth  and  nose,  and  making  an  inspiratory  effort  and  at  the  same 

lie  swallowing.      In  both  cases  the  sense  of  hearing  is  temporarily 

lied;  proving  that  equality  of  pressure  on  both  sides  of  the  tympanic 

tanbrane  is  necessary  for  its  full  efticieney. 

The  principal  office  of  the  Eustachian  tube  has  relation  to  the  pre- 

ion  of  these  effects  of  increased  tension  of  the  membrana  tympani. 

existence  and  openness  will  provide  for  the  maintenance  of  the  equi- 

um  between  the  air  within  the  tympanum  and  the  external  air,  ao 

prevent  the  inordinate  tension  of  the  membrana  tympani  which 

iM  Ije  produced  by  too  great  or  too  little  pressure  on  either  side^ 


lie  discharging  this  office,  however,  it  will  serve  to  render  sounds 


Ule 

■rer.,  as  the  apertures  in  violins  do;  to  supply  the  tympanum  with 
1^  and  to  bean  outlet  for  mucus.  If  the  tube  wvvq  permaHenil^  oyimi^ 
sound  of  one's  own  voice  would  probably  be  greatly  intensified,  a 
iitioo  which  would  of  course  interfere  with  the  perception  of  other 
ads.  At  any  rate,  it  is  certain  that  sonorous  vibrations  can  be  prop- 
45 
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agated  up  the  tube  to  the  tympannm  by  means  of  a  catheter  iosetftd 
iDto  the  pharyngeal  orifice  of  the  Eustachian  tube. 

The  inflaence  of  the  tensor  tympani  muscle  in  modifying  \mn^ 
may  also  be  probably  explained  in  connection  with  the  reguUtion  of  de 
tension  of  the  membrana  tympani.  IT,  through  reflex  nervoui  attioa, 
it  can  be  excited  to  contraction  by  a  very  loud  sound,  then  it  ig  mioi' 
fest  that  a  very  intense  sound  would>  through  the  action  of  this  muscle, 
induce  a  deafening  or  muffling  of  the  ears.  In  favor  of  this  sappusition 
we  have  the  fact  that  a  loud  sound  excites,  by  reflection,  nervous  sctxi!!, 
winking  of  the  eyelids,  and,  in  persons  of  irritable  nervous  sntenj 
sudden  contraction  of  many  muscles. 

The  exact  influence  of  the  stapedius  muscle  in  hearing  is  nuknofiu 
It  acts  upon  the  stapes  in  such  a  manner  as  to  make  it  rest  obUqaelj 
the  fenestra  ovalis,  depressing  that  side  of  it  on  which  it  acts,  andel^ 
vating  the  other  side  to  the  same  extent.  It  prevents  too  great  a  moi»> 
ment  of  the  bone. 

The  fluid  of  the  labyrinth  ia  the  most  general  and  constant  of 
acoustic  provisions  of  the  hibyrinth.  In  all  forms  of  organs  of  beariuf, 
the  sonorous  vibrations  aHect  the  auditory  nerve  through  the  medium 
of  liquid^ — the  most  convenient  medium^  on  many  accounts,  for  encli 
purpose. 

The  otoliths  in  the  labyrinth  would  reinforce  the  sonorous  vibratiofl 
by  their  resonance,  even  if  they  did  not  actually  touch  the  mem 
upon  which  the  nerves  are  expanded;  but,  inasmuch  as  these 
in  contact  with  the  membranous  parts  of  the  labyrinth*  and  the 
lar  nerve-fibres  are  imbedded  in  them,  they  communicate  to  these 
branes  and  the  nerves,  vibratory  impulses  of  greater  intensity  tlum  w 
fluid  of  the  labyrinth  cau  impart.  This  appears  to  be  their  office,  i^ 
norous  undulations  in  water  are  not  perceived  by  the  hand  itself  imnu 
in  the  water,  but  are  felt  distinctly  through  the  medium  of  a 
in  the  hand.  The  fine  hair-like  prolongations  from  the  epithelial 
of  the  ampullse  have,  probably,  the  same  function. 

The  function  of  the  semicircular   canals  in  the  co-ordination 
movements  necessary  to  the  maintenance  of  the  equilibrium  of  the 
has  already  been  indicated. 

The  cochlea  seems  to  be  constructed  for  the  spreading  out 
nerve-fibres  over  a  wide  extent  of  surface,  upon  a  solid  lamina 
oommunicates  with  the  solid  walls  of  the  labyrinth  and  cranium,  ft* 
sjvme  time  that  it  is  in  contact  with  the  fluid  of  the  labvrinth, 
which,  besides  exposing  the  nerve-fibres  to  the  influence  of  floi 
undulations,  by  two  media,  is  itself  insulated  by  fluid  on  either  side. 

The  connection  of  the  lamina  spiralis  with  the  solid  walls  d 
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lyriDth,  adapts  the  cochlea  for  the  perception  of  the  sonorotis  nndiila- 
ms  propagated  by  the  solid  parts  of  the  head  and  the  walla  of  the  laby- 
itb*  The  membraDOua  labyrinth  of  the  yeetibule  and  semidrcular 
lals  is  snspended  free  io  the  perilymph »  and  is  destined  more  parti  en. 
Uly  for  the  perception  of  sounds  through  the  medium  of  that  Jluid, 
Aether  the  sonorous  undulations  be  imparted  to  the  fluid  through  the 
Bn€fitr8B,  or  by  the  intervention  of  the  cranial  bones,  as  when  sounding 
iodies  are  brought  into  communication  with  the  head  or  teeth.  The 
■riral  lamina  on  which  the  nervoua  fibres  are  expanded  in  the  cochlea^ 
m  on  the  contrary,  continuous  with  the  solid  w*alls  of  the  labyrinth,  and 
poeiTes  directly  from  them  the  impulses  which  they  transmit.  This  is 
b  important  advantage  j  for  the  impulses  imparted  by  solid  bodies, 
l?e,  cmferis  paribus^  a  greater  absolute  intensity  than  those  communi- 
Ited  by  water.  And,  even  when  a  sound  is  excited  in  the  water,  the 
toorous  undulations  are  more  intense  in  the  water  near  the  surface  of 
ie  vessel  containing  it,  than  in  other  parts  of  the  water  equally  distant 
lom  the  point  of  origin  of  the  sound;  thus  we  may  conclude  that, 
Ueris  paribus^  the  sonorous  undulations  of  solid  bodies  act  with  greater 
Itensity  than  those  of  water.  Hence,  wo  perceive  at  once  an  important 
le  of  the  cochlea. 

I   This  is  not,  however,  the  sole  office  of  the  cochlea;  the  spiral  lamina, 

f  well  as  the  membranous  labyrinth,  receives  sonorous  impulses  through 

«  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the  vestibule, 

kd  from  the  fenestra  rotunda.     The  lamina  spiralis  is,  indeed,  much 

liter  calculated  to  remler  the  action  of  these  undulations  upon  the 

iditory  nerve  efficient,  tlian  the  membranous  labyrioth  is;  for  as  a  solid 

liy  insulated  by  a  different  medium,  it  is  capable  of  resonance. 

The  rods  of  Corti  are  probably  arranged  so  that  each  is  set  to  vibrate 

unison  with  a  particular  tone,  and  thus  strike  a  particular  note,  the 

isation  of  which  is  carried  to  the  brain  by  those  filaments  of  the  audi- 

^  nerve  with  which  the  little  vibrating  rod  is  connected.     The  dis- 

ctive  function,   therefore,  of  these  minute  bodies  is,  probably^  to 

ider  sensible  to  the  brain  the  various  musical  notes  and  tones,  one  of 

answering  to  one  tone,  and  one  to  another;   while  perhaps  tho 

parts  of  the  organ  of  hearing  discriminate  between  the  intensities 

ifferent  sounds,  rather  than  their  qualities. 

**Io  the  cochlea  we  have  to  do  w4th  a  series  of  apparatus  adapted  for 

orming  sympathetic  vibrations  with  wonderful  exactness.     We  have 

*«  before  us  a  musical  instrument  ivhich  is  designed,  not  to  create 

iiciil  sounds,  but  to  render  them  perceptible,  and  which  is  similar  in 

^truction  to  artificial  musical  instruments,  but  which  far  surpasses 

jfcxn  in  the  delicacy  as  well  as  the  simplicity  of  its  execution.     For, 
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while  in  a  piano  every  string  muet  have  a  separate  hammer  by  meatifiof 
which  it  is  sounded  the  eur  poaaeaaes  a  single  hammer  of  an  iugmoy 
form  in  its  ear  hones,  which  can  make  every  string  of  the  organ  of  Cam 
sound  separately, "     (Bernstein. ) 

Since  ahoot  3000  rods  of  Corti  are  present  in  the  htunan  ear,  thu 
would  give  about  400  to  each  of  the  seven  octaves  which  are  within^  i 
compass  of  the  ear.  Thus  about  32  would  go  to  each  semUtom.  ffeber 
aiserts  that  aceompMshed  musicians  can  appreciate  differences  in  pitd 
B&  small  as  ^^^th  of  a  tone.  Thus  on  the  theory  above  advanced,  tBe 
dclicacv  of  discrimination  would,  in  this  case,  appear  to  have  reacW  | 
its  limits. 

Sounds. 

Any  elastic  body,  e.g.^  air,  a  membrane,  or  a  string  perforniji!^  i 
certain  number  of  regular  vibrations  in  the  second,  gites  tl- 
is  termed  a  musical  sound  or  tone.    We  must,  however,  distil- ui-xi  . 
tween  a  musical  sound  and  a  mere  noise;  the  latter  being  dtie  to  irregalifl 
vibrations. 

Musical  sounds  are  distinguished  from  each  other  by  three  qualiti*^ 
1,  Siirfiffih  or  intensity,  which  is  due  to  the  amplitude  or  leuglh  of  tta 
vibrations.  2.  Pitch,  which  depends  upon  the  number  of  ribratioDSiB 
a  second.  3.  Qualihj,  Volm\  or  Timbre,  It  is  by  this  property  tin 
we  distinguish  the  »ame  note  sounded  on  two  instruments,  e.p,,  ttpi^w 
and  a  tiute.  It  has  been  proved  by  Helmholtz  to  depend  on  the  nm^ 
of  secondary  tones,  termed  harmonics^  which  are  present  with  the pfr 
dominating  or  fundamental  tone. 

It  would  appear  that  two  impulses,  which  are  equivalent  to  fourslod" 
or  half  vil>ratioua,  are  sufficient  to  produce  a  definite  note,  audibki 
gucli  through  the  auditory  nerve.  i 

The  maximum  and  minimum  of  the  intervals  of  successive  iinrulfl^ 
still  apprecialtlc  through  the  auditory  nerve  as  determinate  soaufls,  k*^ 
been  determined  by  Suvart,  If  their  intensity  is  SHftieieutlj  greH 
sounds  are  still  audible  whicli  result  from  the  sucoession  of  4.S,M30 
vibrations,  or  24,000  impulses  iu  a  second;  and  this,  probably, is 
the  extreme  limit  in  acuteneas  of  sounds  perceptible  by  the  e^r. 
the  opposite  extreme,  he  has  succeeded  in  rendering  soriuii 
which  were  produced  by  only  fourteen  or  eighteen  half  vihi\i; 
seven  or  eight  impulses  in  a  second;  and  sounds  still  deeper  niiglitj 
ably  be  hoard,  if  the  individual  impulses  could  be  sufficiently  prolft 

Direction. — The  power  of  perceiving  the  direction  of  mumh  iaj 
a  faculty  of  the  sense  of  hearing  itself,  but  is  an  act  of  the  mind  juJ 
on  experience  previously  acquired.     From  the  modifications  which  | 
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Bation  of  sound  tindergoea  according  to  the  direction  in  which  the 
nd  reaches  us,  the  mind  infers  the  position  of  the  sounding  hody. 
e  obIv  true  guide  for  this  inference  is  the  more  intense  action  of  the 
md  upon  one  than  upon  the  other  ear.     Btit  even  here  there  is  room 

ninch  deception,  by  the  influence  of  reflexion  or  resonance,  and  by 
I  prop^ation  of  sound  from  a  distance,  without  loss  of  intensity, 
t)agh  curved  conducting  tubes  filled  with  air.  By  means  of  such  tubes, 
of  solid  conductors,  which  convey  the  Bonorous  vibrations  from  their 
tree  to  a  distant  resonant  body,  sounds  may  be  made  to  appear  to  orig- 
ite  in  a  new  situation.  The  direction  of  sound  may  also  be  judged 
by  means  of  one  ear  only;  the  position  of  the  ear  and  head  being 
ied,  so  that    the  sonorous  undulations  at  one  moment  fall  upon  the 

in  a  perpendicular  direction,  at  another  moment  obliquely.  But 
en  neither  of  tlxese  circumstances  can  guide  ua  in  distinguishing  the 
ection  of  sound,  as  when  it  falls  equally  upon  both  ears,  its  source 
ng,  for  example,  either  directly  in  front  or  behind  us,  it  becomes 
possible  to  determine  whence  the  sound  comes. 

Distance, — The  distance  of  the  source  of  sounds  is  not  recognized  by 
'  sense  itself,  but  is  inferred  from  their  intensity.  The  sense  itself  is 
ays  seated  but  in  one  place,  namely,  in  our  ear;  but  it  is  interpreted 
soming  from  an  exterior  soniferous  body.  When  the  intensity  of  the 
[Se  is  modified  in  imitation  of  the  effect  of  distance,  it  excites  the 
a  of  its  originating  at  a  distance.     Ventriloquists  take  advantage  of 

difficulty  with  which  the  direction  of  sound  is  recognized,  and  also 

influence  of  the  imagination  over  our  judgment,  when  they  direct 
ir  voice  in  a  certain  direction,  and  at  the  same  time  pretend,  them- 
^  to  hear  the  sounds  as  coming  from  thence. 
Inien^fhf, — By  removing  one  or  several  teeth  from  the  toothed  wheel 

fjict  has  been  demonstrated  that  in  the  case  of  the  auditory  nerve» 
n  that  of  the  optic  nerve,  the  sensation  continues  longer  than  the  im- 
Ittion  which  causes  it;  for  a  removal  of  a  tooth  from  the  wheel  pro- 
jBl  no  interruption  of  the  sound.  The  gradual  cessation  of  the  sen- 
on  of  sound  renders  it  difficult,  however,  to  determine  its  exact 
fttion  beyond  that  of  the  impression  of  the  sonorous  impulses. 
Bo  we  see  that  the  effect  of  the  action  of  sonorous  undulations  upon 
nerve  of  hearing,  endures  somewhat  longer  than  the  period  during 
ch  the  undulations  are  passing  through  the  ear.  If,  however,  the 
(Teasions  of  the  same  sound  be  veiy  long  continued,  or  constantly 
^ted  for  a  long  time,  then  the  sensation  produced  may  continue  for 
^j  long  time,  more  than  twelve  or  twenty-four  hours  even,  after  the 
Inal  cause  of  the  sound  has  ceased. 
Binaural  Sensaiiom. — Corresponding  to  the  double  vision  of  the 
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B^me  object  with  the  two  eyes,  U  the  double  hearing  with  %he  two  eaa; 
and  analogous  to  the  double  visiou  with  one  eve,  dependent  on  uneqiial 
refraction,  is  the  double  hearing  of  a  eiugle  sound  with  one  ear,  owmg 
to  the  sound  coming  to  the  ear  through  media  of  unequal  condDCUng 
power.  The  tirst  kind  of  double  hearing  is  very  rare;  ini tances of it> 
however,  have  been  recorded.  The  second  kind  which  depends  on  tba 
unequal  cundocting  power  of  two  media  through  which  the  same  sound 
is  transmitted  to  the  ear,  may  easily  be  experienced.  If  a  small  bellbi 
sounded  in  water,  while  the  ears  are  closed  by  plugs,  and  a  sohd  con- 
ductor  bt'  interposed  between  the  water  and  the  ear,  two  sounds  will  be 
beard  differing  in  intensity  and  tone;  one  being  conveyed  tolkw 
through  the  medium  of  the  aimospheref  the  other  through  the  eoDdDd- 
iug-rod. 

Subjective  Seiisathns. — Subjective  sounds  are  the  result  of  a  rnkd 
irritation  or  excit-ement  of  the  auditory  nerve  produced  by  other  cm'^ 
than  sonorous  impulses.  A  state  of  excitement  of  this  nerve,  koweTer 
induced,  gives  rise  to  the  sensation  of  sound.  Hence  the  ringing  uui 
buzzing  in  the  ears  heard  by  persons  of  irritable  and  exhausted  ntrM 
system,  and  by  patients  with  cerebral  disease,  or  disease  of  the  auditotr 
nerve  itself;  hence  also  the  noise  in  the  ears  heard  for  some  time  after  i 
long  journey  in  a  rattling,  noisy  vehicle.  Ritt^r  found  that  electm 
currents  also  excite  sounds  in  the  ears.  From  the  above  truly  subjaii'e 
sound  we  must  distinguigh  those  dependent,  not  on  a  state  of  the  audi- 
tory nerv€«  itself  merely,  but  on  sonorous  vibrations  excited  in  the  aiifr 
tory  apparatus.  8uch  are  the  buzzing  sounds  attendant  on  vasctiltf 
congestion  of  the  head  and  ear,  or  on  aneurismal  dilatation  of  theT«^, 
gels*  Frequently  even  the  simple  pulsatory  circulation  of  the  blooJ  ifl 
the  ear  is  heard.  To  the  sounds  of  this  class  belong  also  the  bull  «t 
hum,  heard  during  the  contraction  of  the  palatine  mnscles  In  the  act  4( 
yawning,  during  the  forcing  of  air  into  the  tympanum  so  as  to  mak* 
tense  the  membranu  tympani,  and  in  the  act  of  blowing  the  nose,«swll 
as  during  the  forcible  depression  of  the  low^er  jaw. 

Irritation  or  excitement  of  the  auditory  nerve  is  capable  of  ginn^ 
rise  to  movements  in  the  body,  and  to  sensations  in  other  organs » 
sense.  In  both  cases  it  is  probable  that  the  laws  of  reflex  action^  throng 
the  medium  of  the  brain,  come  into  play.  An  intense  and  sudden  noise 
excites,  in  every  person,  closure  of  the  eyelids,  and,  in  nervous  intii' 
viduals,  a  start  of  the  whole  body  or  an  unpleasant  sensation,  lik^  that 
produced  by  an  electric  shock,  throughout  the  body,  and  sometiintf  * 
particular  feeling  in  the  external  ear.  Various  sounds  cause  in  fflsoj 
people  a  disagreeable  feeling  in  the  teeth,  or  a  sensation  of  cold  ticltol 
through  the  body,  and,  in  some  people,  intense  sounds  are  said  toin»* 
the  saliva  collect. 
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V.  Sight. 

nafmiy  of  the  Optical  Apparatus, — The  €f/elids  consist  of  two  luov- 
folds  of  skill,  each  of  which  is  kept  in  shape  by  a  thin  plate  of 
r  elastic  tissue.  Along  their  free  edges  are  inserted  a  number  of 
i  hairs  (eyelashes),  which,  when  the  lids  are  half  closed,  serve 
tect  the  eye  from  dust  and  other  foreign  bodies:  their  tactile  sen- 
Y  is  also  very  delicate, 

i  the  inner  surface  of  the  elastic  tisstie  are  disposed  a  number  of 
racemose  glands  (Meibomian),  whose  ducts  open  near  the  free  edge 
lid. 

le  orbital  surface  of  each  lid  is  lined  bj  a  delicate »  highly  sensitive 
IS  membrane  [cOHJuHcfiva)^  which  is  continuous  with  the  skin  at 
ee  edge  of  each  lid,  and  after  lining  the  inner  surface  of  the  eyelid 
jcteil  on  to  the  eyeball,  being  somewhat  loosely  adherent  to  the 
tic  coat.  The  epithelial  hiyer  is  continued  over  the  cornea  at  it« 
or  epithelium.  At  the  inner  edge  of  the  eye  the  conjunctiva 
es  continuous  with  the  mncons  lining  of  the  lachrymal  sac  and 
which  again  is  continuous  with  the  mucous  membrane  of  the 
^r  meatus  of  the  nose. 

le  lachnjmal  glumly  composed  of  several  lobules  made  np  of  aciiad 
!)ling  the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer 
of  the  orbit.  Its  secretion,  which  issues  from  several  ducts  on 
iner  surface  of  the  upper  lid,  under  ordinary  circumstances  just 
s  to  keep  the  conjunctiva  moist.  It  passes  out  through  two  small 
igs  (pnncta  lachrymalia)  near  the  inner  angle  of  the  eye,  one  in 
id,  into  the  lachrymal  sac,  and  thence  along  the  nasal  duct  into 
iferior  meatus  of  the  nose.  The  excessive  secretions  poured  out 
the  influence  of  any  irritating  vapor  or  painful  emotion  overflows 
(ver  lid  in  the  form  of  tears. 

le  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
i«tort.*),  supplied  by  the  facial  nerve;  the  upper  lid  is  raised  by  the 
* palpebrm  superioriSy  which  is  supplied  by  the  third  nerve. 


The  Eyeball. 

le  eyeball  or  the  organ  of  vision  (tig.  420)  consists  of  a  variety  of 
ares  which  may  be  thus  enumerated: — 

te  fcleroiic,  or  outermost  coat,  envelops  about  five-sixths  of  the  eye- 
[Utinuous  with  it,  in  front,  and  occupying  the  remaining  sixths 
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la  the  cornea.  Immediately  withio  the  sclerotic  is  the  choroid  ccut^  nd 
within  the  choroid  ia  the  retina, 

Tbe  crystal  line  lens,  its  suspensory  ligament  and  the  ciliary  bwij, 
divides  the  interior  of  the  eyeball  into  two  cavities:  the  larger,  bekiiid 
these  structures  exteDding  to  the  retina,  the  vitreous  chamber^  and  tbs 
smaller  in  front  of  these  stractares  and  extending  to  the  comet,  Ibe 
aqueous  cJiamber, 

Th$  Chambers  of  the  Eye, — ^The  chamber  of  the  aqneons  is  theipwi 
behind  the  cornea  and  the  front  of  the  lens,  its  suspensory  ligament lod 
the  ciliary  body.     It  is  tilled  with  the  aqueous  humor,  which  ia easentiillj 


'^-S^* 


^ 


nv*  4a0.--fi«clloii  of  tbe  ftnUTtor  f our-Onb*  of  ibe  eyetelL 
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a  diluted  lymph  with  a  small  amount  of  proteid  in  it,  viz.,  of  fibrinopB* 
Bcrum  gJobin,  and  septum  albumin.     It  is  seldom  spootaneouBly  coag^* 
lable.     It  contains  salts,  principally  sodium  chloride;  sometimes, al'Ot^ 
substance  which  reduces  copper  8ulpbate»  but  is  not  sugar,  and  a  ir*^j 
of  urea  and  sarcolactic  acid.     There  are  no  formed  elements  in  the  flai<L  [ 
It  is  produced  by  the  iris  and  ciliary  processes,  the  latter  playing  tilt] 
mor»  important  part,  for  in  cases  of  congenital  or  acquired  defickn^| 
the  irifi,  the  aqueous  is  still  produced  in  the  normal  amount.    Tbes 
ous  chamber  ia  drained  principally  through  the  spaces  of  Fontaua  ia^^ 
the  canal  of  Scblemm  at  the  corneal-scleral  junction.     The  iris,  »< 
tractile  and  perforated  muscular  and  vascular  curtain,  partially  *Ji^ 
the  aqueous  chamber  into  two  parts:  the  aw/er/or,  the  larger  aDdj 
posterior,  mnalhr  and  triangular-shaped.     These  are  freely  comuinD" 
ble  with  each  other  by  means  of  the  pupil.     The  atUeriot  chamherii^ 
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between  the  cornea  and  tbe  iris,  and  therefore  comprises  by  much 
irger  portion  of  the  afjueoua  chamber.  The  posterior  th amber  lies 
ien  the  posterior  surface  of  the  iris  and  the  anterior  surface  of  the 
its  suspensory  ligament  and  ciliary  body.  Its  existence  is  due  to 
ict  that  the  iris  is  not  in  contact  with  the  capsule  of  the  lens  by 
hole  posterior  surfacej  but  only  at  its  pupillary  margin.  Thus  a 
ynlar-shaped  space  is  left  betiveen  the  base  of  the  iris  and  the  ciliary 
As  has  been  said  before,  this  second  division  of  the  aqueous 
ber  commuDicates  with  the  anterior,  or  first  division,  by  means  of 
apiL  The  viireous  vhamher^  or  that  behind  the  lens,  contains  the 
ms  humoTy  which  is  a  semi-fluid  substance  contained  in  the  meshes 
,  indistinct  connective  tissue.  It  is  enclosed  in  a  distinct  mem- 
I,  called  membrana  hijaloidea ;  from  the  anterior  surface  of  this 
>rane,  at  the  ora  ecrrata,  fibres  pass  off  to  the  back  of  the  lens  cap- 
forming  an  incomplete  canal,  called  the  Canal  of  Petit ^  the  mem- 
\  itself  being  the  Zonule  of  Zinu,  The  hyaloid  membrane  separates 
itreons  from  the  retina. 

tructure  of  the  Sderotic  Coat. — ^The  sclerotic  coat  ia  composed  of 
\  fibrous  tissue,  witb  some  elastic  fibres  near  the  inner  surface, 
ged  in  variously  disposed  and  interlacing  layers.  Many  of  the 
lea  of  fibres  cross  the  others  almost  at  right  angles.  It  is  strong, 
1,  and  opaque,  and  not  very  elastic.  It  is  separated  from  th© 
►id  by  a  considerable  lymphatic  space  {perichoroidal}^  and  this  is  in 
^^ction  with  smaller  spaces  lined  with  endothelium  in  the  sclerotic 
itself.  There  is  a  lymphatic  space  also  outside  the  sclerotic  sepa- 
g  it  from  a  loose  investment  of  connective  tissue  called  the  capmde 
moH.  The  innermost  layer  ia  made  np  of  loose  connective  tissue 
)igment*ceUs,  and  is  called  the  lamina  fusca, 

iructure  of  the  Cornea.— Th^  cornea  is  a  transparent  membrane 
h  forms  a  segment  of  a  smaller  sphere  than  the  rest  of  the  eyeball, 


^^^^ 


t-  42l^TertlcaJ  sectloo  of  rabbit*s  cornea,     o,  Amfcerlor  epItheUum,  showing  the  different 
Of  the  cells  at  varioufi  depths  from  the  tree  surtace ;   6,  portion  of  the  substance  of 

s  let  in,  as  it  were,  into  the  sclerotic  witb  which  it  is  continuous 
»i3nd.     It  is  covered  by  laminated  epithelium  (a,  fig<  421),  consiat- 
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ing  of  seven  or  eight  layers  of  cells,  of  which  the  superficial 
flattened  and  scaly,  and  the  deeper  ones  more  or  less  oolamnar. 
diately  beneath  this  is  the  anterior  elastic  lamina  of  Bon 
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Fig.  iS^^Horlzontal  prpparatton  of  < 
'         The  groi 


corpuBcles, 


»  grouod  j 


}< 


k  o(  hog;  BhoiriQj;  tb<9  network  of  hmucli 
9  Is  completely  colorl««.     x  4tY'   (.Kl^in,; 


difTers,  only  in  being  more  condensed  tissue,  from  the  gene 
of  the  cornea  or  cornea  proper. 

This  latter  tissue,  as  well  as  its  epithelinm  is,  in  the 
pletely  destitute  of  biood -vessels ;  it  consists  of  an  intercellnliir( 
Bubatance  of  nUhor  obscurely  fibri Hated  flattened  bundles  of  conw 
tissue,  arranged  parallel  to  the  free  surface,  and  forming  the  boo 
of  branched  auaatomosiug  spaces  in  M'hich  the    eorneai-corpu 
These  branched  cornea-corpuscles  have  been  seen  to  creep  by  i 


i 


Ft(7,  4^^>— Burfaoe  riew  of  tmrt  of  I 
pofiish  aud  thi?u  wItJi  nitrate  of  silver. 
Uieir  gnmuliir  protoplium  and  lAriro  ov   i  i 

SmltlL) 

movement  from  one  branched  space  into  another.     At  its  ; 
face  the  cornea  is  limited  by  the  posterior  elastic  lamina^ 
of  Desceniet^  similar  in  structure  to  the  anterior  elastic  lamina,  1 
layer  of  which  consists  of  a  single  stratum  of  epithelial  o-ells  (fig.  ^ 
I^&rves, — The  nerves  of  the  cornea  are  both  large  and  nume 
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mred  from  the  ciliary  nerves.  They  tTaverae  the  suhstance  of  the 
fL,  in  which  some  of  theni  near  the  anterior  surface  break  up  into  axis 
lers,  and  their  primitive  tibrillfe.  The  latter  form  a  plexus  imme- 
f  beneath  the  epithelium,  from  which  ckliuiite  fibrils  pass  up 
m  the  cells  anastomosing  with  horizontal  branches,  and  forming  a 
ntra-epithelial  plexus,  from  which  still  finer  fibres  ascend,  till  near 
rface  tliey  form  a  superficial  iutra-epithelial  net-work.  Most  of 
imitive  fibrillfe  have  a  beaded  or  varicose  appearance.     The  cornea 


Fig.  4S4. 


T\g,  i2f?. 


434.— Vertical  sectioQ  of  rabbit'*  corner,  titala«d  with  gold  chl»>ridp.  e,  laminated 
epItheUutn.     Iiii  rued  lately  tieiieatl]  this  is  the  anterior  elastic  lamina  of  Bowman,     n^ 

ormiiur  adeUcatt*  8ub-«'plthelial  |VlexuH,  and  ReddtDfJir  up  flue  t:v»'i^  b**tweeii  th«  ^'pitheUal 
eod  lb  a  second  ptexus  on  the  free  surface:  d,  Desoemet's  metialirane,  eoaslMtios:  of  a 

Uc  l^eTt  and  a  tilngle  layer  ot  epithelial  cells;  the  «utMtam»  of  the  cornea,  /,  in  seen 

rlllAted,  and  cODtaJiyi  many  layers  fit  branched  oorpusctee^  arraaged  parallel  to  the  free 
tJaA  bere  seen  ed^vrliie,     (Schofleld.t 

IflL— flection  throuzb  the  choroid  coat  of  the  bumai:k  eye,  1,  etoBth.'  membrane,  Btruc- 
or  finely  Dbri Hated;  £,  chorlo-capillarls  or  tunica  Ruyschlana :  ?J.  Proper  sulsstafioe  of 

old  wltb  large  Te«»e]s  cut  throufifh;  4,  suprachomidea;  5,  sclerotic,       (Schwalbe.  > 

I  Mood -vessels  penetrating  its  gtructure,  nor  yet  lymphatic  vessels 
'.  It  is  nourished  by  the  circnlation  of  lymph  in  the  spaces  in 
the  cornea  corpnscles  lie.  These  communicate  freely  and  form  a 
-canalicular  system. 

meture  of  ike  Choroid  C^oat  {tynica  vasculosa). — ^This  coat  is 
ed  to  the  inner  layer  of  the  sclerotic  in  front  at  the  corneo-scleral 
OB  and  behind  at  the  entrance  of  the  optic  nerve,  elsewhere  it  if 
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connected  to  it  only  by  loose  connective  tisgue.  Its 
formed  chiefly  of  ehistie  fibres  and  large  pigment  corpusclei  1 
arranged  and  containing  lymphatic  spaces  lined  with  endotheliiiDL 
is  the  suprachoroidea.  More  internally  is  a  layer  of  arteries  and 
arranged  in  a  system  of  venous  whorls,  together  with  elastic  fiixn 


Tig,  4Mu— Section  throuirl^  th*  ejte  curied  throuifb  the  ciliary  ; 
htADn  of  Desoemei ;  &.  Kleroiic;  S^  coraeo*«cleral  mnL^ion;  4,  canal  of  Sduemm;  fit 
nurclaatied  network  on  loii«r  wall  of  canal  of  Schlemiu;  7«  lig.  pecttnatam  IridiBs  ok 
■Htnna;  0.  plj^ment  of  iri»;  10^  ciliary  procestses;  11.  ctllai7  muscle:  12«  choroid  tU 
QMridloaal  and  H,  TmUatiuti:  fibres  of  ctliair  muacLe';  Ifi^  ring  muscle  of  MQUer;  16*  dr 
Angular  tm)]dl<?s  of  ciliary  muackv     C^^t^waloe.) 


pigment  cells.      The  lymphatics,  too,   are  well  developed 
blood-vessels,  and  there  are  besides  distinct  lymph  spacer  lined  1 
dothelium.     Internally  to  this  is  a  layer  of  fine  capillaries,  very  iS 
derived  from  the  arteries  of  the  outer  coat  and  ending  in  Teins  ii 
coat.     It  contains  corpuscles  without  pigment,  and  Ijmph  spacer' 
surround  the  blood-vessels  (mfimbrana  chorio-caplUaris),     It  U  eep 
from  the  retina  by  a  fine  elastic  membrane  {membrane  of  Br 
is  either  structureless  or  finely  fibrillated. 

The  choroid  coat  ends  in  front  in  what  are  called  thenVmry  j 
(fig.  426).     These   consist  of    from    70   to  80    meridionally 
radiating  plaita,  which  consist  of  blood-vessels,  fibroua  eonnectil 
and  pigment  corpuscles.     They  are  lined  by  a  continuation  of  tlifl 
brane  of  Brueh*     The  ciliary  processes  terminate  abruptly  at  tbe^ 
of  the  lens*     The  ciliary  muscle  (13,  14  and  15,  fig.  426),  whiel 
considered   to    form  part    of    the    processes,   is  situated  betwei 
sclerotic  (at  the  corneo-scleral  junction)  and  the  folds  of  theeil 
processes*     It  is  a  ring  of  muscle,  3  mm.  broad  and  8  mm.  thic 
up  of  fibres  rynning  in   two  or  three  directions,      (n)  MerMion 
near  the  sclerotic  and  passing  to  the  choroid;  (h)  radial  fibres, 
toward  the  centre;  and  (c)  circular  fibres,  more  internal,  audi 
ing  the  so-called  ciliary  sphincter. 

Tfie  IrU. — The  iris  is  a  continuation  of  the  choroid  inward  I 
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iliary  processes.  It  is  a  fibro-muBcular  membrane  perforated  by  a 
al  aperture,  the  pupil.  It  is  made  up  chiefly  of  blood-vessels  and 
sctive  ti^ue  with  pigment  and  unstritited  nmscle. 
oeteriorly  are  two  layers  of  pigment  cells  {uvm)^  in  which  arerepre- 
i  the  two  layers  of  cells  of  wiiich  the  optic  Yesicle  is  originally 
jd,  and  behind  which  are  the  retina  proper  and  its  pigment  layer. 
k6  iris  representatives  of  both  layers  are  deeply  pigmented.  The 
ture  of  the  iris  proper  is  made  of  connective  ti&jue  in  front  with 
Lscles  which  may  or  may  not  be  pigmented,  and  behind  of  similar 
I  supporting  blood-vessels  inclosed  in  connective  tissne.  The  pig- 
cells  are  usually  well  developed  here,  as  are  also  many  nerve- fibres 
ting  toward  the  pupil  Surrounding  the  pupil  is  a  hiyer  of  circn- 
istriped  muscle,  tha  sphincter pitpiUw,  In  some  animals  there  are 
nnscle-fibres  which  radiate  from  the  sphincter  in  the  substance  of 
ris  forming  the  (Uhior  ptipHhe.  The  iris  is  covered  anteriorly  by 
jr  of  endothelium  continued  upon  it  from  the  posterior  surface  of 
ornea;  posteriorly  there  is  a  very  fine  layer  which  is  a  continuation 
e  membrana  li  mi  tans  interna  of  the  retimL 

^he  Leu  ft. — The  lens  is  situated  behind  the  iris,  being  inclosed  in  a 
act  capsule,  the  posterior  surface  of  which  is  less  thick  than  the 
'ior.  It  is  supported  in  place  by  the  suspensory  ligament,  fused 
le  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
»d  from  the  hyaloid  membrane,  which  incloses  the  vitreous  humor. 
trft^ciure^—lihQ  lens  is  made  up  of  a  series  of  concentric  lam  in® 
428),  which  wiien  it  has  been  hardened,  can  be  peeled  off  like  the 


^ 


i-  \^.    t™. 


e,  4^,— Ciliary  proof^Mes.  as  g*H'n  from  li^-hind, 
bBT  tmisoleof 'the  r^iJpi^  ■  ^^  iint*-rior  i>art  uf  tbf  c 

c   43*.— Ij*nnTiah-d  !«inntiire  nf  the  cryRtaUJti*'  lens. 


Fig.  428, 

1,  posterior  surface   of  tbt?  iri§,  with  the 
'boro-liU^oat;  3,  oue  of  thu  ciUaxy  proceftsea, 


In  aleohoL 
«1) 


1, 


\U'i\  !«inntiire  I  if  the  cryRtaUltie  lenn.    The  ImuEneQ  are  split  up  after  hora 
the  denser  central  jmrt  or  nucleus;  2,  the  succijfisive  external  layers.     X  4 


8  of  an  onion.     The  himina^  consist  of  long  ribbon-shaped  fibres, 
b  ia  the  course  of  development  have  originated  from  ceUg, 
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The  lens  itself  is  made  up  of  transparent  longitudinal  fibres,  heag- 
onal  and  prismatic,  thickened  posteriorly.     Those  fibres  at  the  comil 
have  nuclei  and  are  smooth,  those  near  the  centre  are  without  nncW 
and  have  serrated  edges.     The  fibres  are  united  together  by  a  scmtj 
amount  of  cement  substance. 

The  arrangement  is  sueh  that  no  iibres  run  the  whole  half  qI  th] 
lens,  from  front  to  back,  since,  if  a  fibre  starts  near  the  anterior  pole,  ] 
its  other  end  is  far  from  the  posterior  pole  (fig,  429.) 

The  epithelium  of  the  lens  consists  of  a  layer  of  cubical  cells anterioiljf] 
which  merges  at  the  equator  into  the  lens  fibres.  The  development  iif  ] 
the  lens  explains  this  transition.  The  lens  at  first  consists  of  aclossdl 
sac  composed  of  a  single  layer  of  epithelium*  The  cells  of  the  posteriori 
part  soon  elongate  forward  and  obliterate  the  cavity,  the  anterior  cells  d9 1 


i 


Flf«  ttflL— Merldlon&l  iMH^tloD  ihroui^b  th«  lens  of  a  rabblL     1,  Ijeas  capsule;  S,  eplthelkamof 
lens;  a,  tranHiuoo  of  the  epithelium  f"'-  "^ "  """ '   ^        -.  ^  *>  .     . 


I  ioto  the  flbmss;  i«  leas  llbrea.    (BobucbiiLj 


r 


not  grow,  but  at  the  edge  they  become  continuous  with  the 
cells,  which  are  gradually  developed  into  fibres.  The  lens  conti 
globulin  or  crystullin,  but  no  native-albumin;  it  also  contains  cholfl-i 
terin.  The  capsule  is  a  homogeneous  transparent  elastic  membrane  [ 
The  hardest  portion  of  the  lens  is  that  which  h  most  internal.  It  fonni| 
the  so-called  nttcleus  of  the  lens  (fig.  428,  1). 

VorHcO'Sckra!  jundioH,~At  this  junction  the  relation  of  parte  (%| 
426)  is  so  important  as  to  need  a  short  description.     In  the  neigllba^J 
hood,  the  iris  and  ciliary  processes  join  with  the  cornea.     The 
substance  of  the  cornea  and  the  posterior  elastic  lamina  become  contin 
with  the  iris,  at  the  finale  of  the  im,  and  the  iris  sends  forward 
toward  the  posterior  elastic  lauiiua,  forming  tlie  ligament lun  ptdm 
iridis^  and  these  join  with  fibres  of  the  elastic  lamina.     The  enclo 
covering  of  the  posterior  surface  of  the  cornea  is,  as  wo  have  mm^i 
tinuous  over  the  front  of  the  iris.     At  tho  iridic  angle,  the 
inner  substance  of  the  cornea  is  looser,  and  between  the  bandies] 
lymph  spaces  filled  with  fluid,  called  the  spaces  of  Fantam.    Tb^J 
little  developed  in  the  human  cornea.     Where  the  cornea  and  ^1^ 
join,  there  is  an  intermediate  part  which  resembles  both,  but  whid 
still  not  transparent,  as  the  internal  part  remains  scleral  in  strnd 

The  spaces  which  are  present  in  the  broken  up  bundles  of  con 
tissue  at  the  angle  of  the  iris,  are  continuous  with  the  larger  Ippb' 
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I  the  anterior  chamber.  Above  the  angle  at  the  corneo-scleral 
I  is  a  canal,  which  is  called  the  canal  of  Schletnm.  It  is  a  lym- 
hannel,  but  appears  to  be  in  communication  with  blood-vessels, 
y  be  under  certain  circumstances  filled  with  blood, 
dure  of  the  Retina. — The  retina  (fig.  430)  is  a  delicate  membrane, 
with  the  concavity  directed  forward  and  apparently  ending  in 
ear  the  outer  part  of  the  ciliary  procefises,  in  a  finely  notched 
the  ova  serraia,  but  really  represented  to  the  very  margin  of  the 
Semi  transparent  when  fresh,  it  soon  becomes  clouded  and  opaque^ 
dnkish  tint  from  the  blood  in  its  minute  vessels.  It  results  from 
den  spreading  out  or  expansion  of  the  optic  nerve,  of  whose  ter* 


IK— A  section  of  the  retiaa,  ehoroiU*  and  part  of  the  Bclerotlc,  moderately  magnified, 
unn  IjmltajiM  Interna;  b^  utrvrULire  Uiyt^r  iraversiisi  by  MttUer'a  nueiteaUiciiUir  llbreaj 
i-ceU  Ifiytr;  d^  uiDlecmlaj-  layer;  e,  Intiffoiil  iiuclt»fl.r  layer;  /.  inferouclear  layer;  g,  ex- 
e&r  layer:  h,  ■neiiibrana  liimltftQii  externa.  ruoniniE?  alon^  tht*  lciwt*r  part  of  il  the  layer 
IcoDe^:  k,  pigment -t^^ 1 1  layer;  Im,  iMernal  and  e.i&ertial  rmtcii/Ur  iiKirtlfitis  of  the  ehor< 
■Bt  coniainip^  eapilLu-tes^  the  Beeoad  larger  blood- veeaelB;  cut  in  transrenBe  ftecLloii;  n, 
CW,  Py«,> 


3reB,  apparently  deprived  of  their  external  white  eubstance,  to- 
dth  nerve  cells,  it  is  essentially  composed. 

^tly  in  the  centre  of  the  retina  is  a  round  yellowish  elevated  spot, 
i-  of  an  inch  (1  mm.)  in  diameter,  having  a  rainute  depression  in 
tre,  called  after  its  discoverer  the  macula  lutea,  or  yellow  spot  of 
*ing.  The  minute  depression  in  its  centre  is  called  the  fovea 
s.     About  ^  of  an  inch  (2.5  mm.)  to  the  inner  side  of  the  yel- 


nerve  to  support  the  fibres.  The  fibres  of  the  ner 
ceedinglv  fiiie,  aud  are  surrouBded  by  the  tnTeHti  sbeal 
poasaes  the  ordinary  externttl  norvG-sheath,  As  they  pasB 
they  loBe  their  rayelio  sheaths  and  proceed  i\s  aiis-cyliudei 
aupports  the  nerve-fibres  in  the  optic  nerve-trunk.  In  th( 
nerve  is  a  fiinall  artery,  the  arferia  centralis  redms*  1 
fibres  in  the  optic  nerve  is  said  to  he  npward  of  500,01 
cyUndt^rs  paaa  on  to  the  retina,  turning  over  the  ^iig^ 
ojUicus^  to  be  diatribtited  on  the  inner  surface  of  the  retina 
ora  eerratu,  as  a  layer  of  optio  nerve-fibres,  and  sepafj 
hyaloid  membrane  wliich  contains  the  vitreoua  hntuor  U 
described,  by  a  very  thin  layer,  the  nierabrana  limitans  lot 

The  retina  consists  of  certain  nervous  elements  arran 
layers  and  supported  by  a  very  delicate  connective  t]&suj| 

The  researches  of  Cajal   upon   the  structure  of  thi 
brates  has  shown  that  this  membrane  is  a  mncb  8im| 
has  heretofore  been  deHcribed.     Cajal's  ob^rvations  bef 
other  observers  utid  accepted  by  neuro-anatomists,  it  will 
the  descriptions  here,  as  representing  our  present  ]||fl 
structure  of  this  membrane.  " 

The  retina  is  a  nervous  tissue  formed  essentially  of  ' 
nerve-cells.  From  without  inward  they  are:  the  layer  of  v 
laj^er  of  bipolar  cells,  and  the  layer  of  ganglionic  cells.  Tl 
is  shown  in  the  diagram  (fig.  431).  These  different  layei 
divided  so  as  to  give  the  following  layers  from  without  IH 


arrai] 


1.  The  layer  of  rods  nnd  conea.  {  ,,„,„._,  >... ,. ,  .^.,  _„ 
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This  ia»  howeTer,  practically  a  layer  made  up  aimply  of  bipolar 
(lis  with  prolongations  more  or  less  long  which  rim  to  the  ex* 
jrfaco  of  the  retina  and  there  form  a  series  of  bodies  known  as 
I  and  cones. 

lie  rods  and  cones  SkXB  really  a  kind  of  secretion  from  the  pro- 
of the  bipolar  cell  beneath,  and  are  not  diatinct  nerve-cells, 
insist  of  bodies  more  or  less  alike,  which  extend   up  through  the 
.  linaiting  membrane  from  the  cells  beneath. 
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L— Trans'FfTw*  ft*?ction  of  a  mammaltan  retina.  A,  Layer  «f  rods  and  cone*;  B^  bodlei 
ails  <,t*xt<-niftl  Kratiularj;  C,  external  wioJe4'tj|ftr  layer;  R.  laytr  of  bipolar  cell s  f(ntt*rnal 

F,  iuteraaJ  luoleuuiar  laytsr;  t#,  layer  of  ^aii xll on ic  cells;  //,  layer  of  optk-nervf  tlbjvs; 
SOiue;  Cy  body  of  tfac  cone  cell;  d,  bmly  of  the  rr>d  cell;  *^,  bipMT.lar  rodeelb;  /,  bi^KjIar  coo« 

I.J,  k^  giu)j<LbHilc  cells  ramlfylnfT  Iq  the  vaHoua  si  rat*  of  the  iuternni  innlecular  jtotie; 
arboriKailon  of  tbe  blpobir  rod  eells,  connecduic  with  the  ^aivKliODie  eell*;  r,,  lafertor  mr- 
of  Ibe  bipolar  cooo  cells;  t,  epithelial  or  MQller  ce|l*>;  jr.  point  of  contact  between  Kio 
wit  bipolar  celte;  i,  paint  of  cotJtact  between  the  coneB  and  their  bipolar  ogUb;  c,  eentri- 
»-flbm.    (Cajal.> 


Rods. — Each  rod  (tig.  431,^)  is  made  up  of  two  partSj  very  differ- 
true tu re,  called  the  outer  and  inner  limbs.  The  outer  limb  of  the 
ibout  30/1  1^  inch  long  and  2p-  broad,  is  transparent^  and  doubly 
re.  It  is  said  to  be  made  up  of  flue  superimpoaed  discs.  It  re- 
in flome  waya  the  myelin  flbeath  of  a  meduUated  nerve,  Ifc 
p  on  exposure  to  light,  and  is  part  of  tho  layer  in  which  the 
b  called  visual  purpU  is  found*  The  inner  limb  is  about  as 
it  slightly  broader  than  the  outer,  is  longitudinally  striated  at 
p  and  granular  at  its  inner  part.  Each  rod  is  connected  by 
iir-like  process  to  a  nerve-cell  in  the  external  granular  layer  be- 
3,  431,  d;  432,  Si), 

Cmies, — Each  cone  (fig.  431,  c),  like  the  rods,  is  made  up  of  two 
inter  and  inner.     The  outer  limb  is  tapering  and  not  cylindrical 
correflponding  part  of  the  rod,  and  about  one- third  only  of  its 
46 
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lentil,  but  it  reaemblea  this  in  structure.  Tliere  Is,  however, 
purple  found  in  the  cone.  The  inner  limb  of  the  cone  is  broader  ilk 
centre;  each  cone  ia  in  connection  by  its  internal  end  with  a  cone  ft) 
which  huH  much  the  same  structure  as  the  rod  ^bre,  but  is  much  i 


This  connects  with  a  nerve-eell  of  tlie  layer  below  (fig.  432,  4).  }^^ 
In  the  rod  and  cone  layer  of  birds,  the  cones  usually  predoH 


_     W»  — fichemaf Ic  dJafrnun  of  th**  elementary  Btruchira  f»f  the  retina,    c  BodB  M^  ^ 
•e,  iii«inbr«na  limiiAiistxtfnm;  yr,  txternai  fpraiiiilnt;  r,  exiirtia]  niolf>frul«r  l*j*irj:  Sd  *W« 
Tuiuliir  lajfir;  i,  jnt«*riml  iivv.l*H-ular  hivHr;  fin,  iuiiltJ{)olarce]l  Ujer  iirangiioo  o|Uki);  •/♦«•' 
ibreUver;  f*;  membnum  UmH^iuB  luternA.  -. 

1,  Rtxl;  2,  rod  granule;  8,  i-on«:  4,  cone  lermoule:  l-l^rodrisuAl  c«Il:  JUr^cftn*****^ 
oe/itnil  t<?njiinatJon  of  tJie  vteiuU  c*?ll«  nod  peripheral  terminal  arboHj*iioii  of  tl«?  biputar 
8»  6t  two  bipnlAr  ctMla  for  rod*;  0,  one  hlpfilar  ewllfor  iMstie;  7,  7,  7,  7,  7,  T    ' 
bipolar  ci^'lls  witii  tlie  t«>rijiiual  artxtrjuitioiiR  situated  in  tht^varloii!}  Invr 
layer;  T\  c**iitriil  tmKvwi  nf  a  bipolar  cf^ll  for  coop;  8,  ifiultii>>lar  cv\i< 
drjttt*8  AJJil  ct^utraTDiMiriLxoua ;  9,  p,  U,  nerre-Dbres  aiid  tcrmiii&l  arborixai.  ^ 


.Oil)**   ^'*~ 


largely  in  number,  whereas  in  man  the  rods  are  by  far  the  moreDDiD^ 
ouB,  except  in  the  fovea  centralis,  where  cones  only  are  present,  isii* 
case  at  the  anterior  part  of  the  retina  near  the  ora  gerniU*  TlieuM 
ber  of  cones  has  been  eetimuted  at  3,(X)0,000,  In  nocturnal  birds,  fc«* 
ever,  such  as  the  owl,  only  rods  are  present,  and  the  aame  appeart  ^  ' 
the  case  in  many  nocturnal  and  burrowing  mammalia,  «.y.,  bat,  k«V 
hog,  mouse,  and  mole.     The  rods  are  absent  in  reptiles, 

Bseiemal  Limiting  Mernbrane.^A  delicate  membrane  lies 
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d  and  cones  Aod  separates  fcbein  from  the  layer  beneath.  This 
I  called  the  exter^ml  Umiiintj  membrane  (fig.  432,  Is), 

3.  Exiernul  Gniuular  Layer, — The  cells  of  tho  external  grimnlar 
(yer  are  the  bipolar  or  visual  cella  which  contain  tho  protoplasm  not  yet 
iDslormed  into  rods  and  conea  in  the  layer  above.  The  cells  wlioae 
Nlies  are  continued  upward  as  cones  are  different  in  shape  from  those 
|bich  are  coDnected  with  the  rods.  The  cells  of  the  conea  are  situ- 
0d  close  to  the  external  limiting  membrane.  They  have  a  large  ovoid 
icleus.  From  the  inner  side  of  the  cell-body  a  process  descends 
iard  the  external  molecular  layer  where  it  ends  in  a  slight  dilatation 
le  fig.  431).  On  its  outer  side  a  process  of  the  body  ascends  through 
the  external  limiting  membrane  and  swells  into  a  cone  (fig,  431,  c). 

The  bipolar  cella  giving  birth  to  the  rods  lie  at  deeper  levels  in  the 


Pyif.  tSa^The  ix»t«rior  half  of  (Jit*  retitia  of  ±he  left  eye^  Tiew«d  from  before;  a.  the  cot 
^  ol  the  acleroliL' coat :  rA,  the  ehoroid:   r,  the  rt^tinui;  In  the  interior  at  the  middie  the 
,  lut^^i  with  tile  depression  of  the  foveji  centraUs  is*  repreaetited  hy  a  sUght  oval  eliade; 
**--!  left  aide  the  lijtht  spot  indit-ates  ihe  p*jUiculuH  or  eminence  at  the  entrance  of  the 
e.  &oxn  the  oentre  of  which  th^^  nrterm  centralis  Itt  se^n  ttprottdiag  Its  braaches  foto 
MttTlng^  the  part  occupied  hy  tb«  macule  comparatively  free.     (AJW  Henle.) 

itilar  layer*  Thej  contain  an  ovoid  nnclenB  of  a  emaller  volume  than 
of  the  cone  cells.  The  protoplasm  of  tho  cell-body  gives  off  two 
.J  one  ascending,  and  the  other  descendiug.  The  ascending  fibre 
up  through  the  limiting  membrane  and  is  continued  as  a  rod.  The 
►ending  fibre  goes  into  the  molecular  layer  and  ends  here  in  a  email 
Hie.  According  to  Cajal,  these  cells  of  the  visual  layer  have  no  di- 
f  anatomical  continuity  with  the  cells  of  the  bipolar  layer  beloWj 
Igh  Dogiel  and  others  have  denied  this, 

!•  The  external  moke iihir  layer  qt  external  plexiform  layer  (fig.  431,  C) 
toi posed  of  numerous  protoplasmic  processes  (dendrites)  which  com© 
I  the  cells  of  the  internal  granular  layer  below  and  from  the  visual 
I  Uliove.  Some  subdivisions  of  this  layer  are  mnde,  thero  being  an 
part  in  which  the  rod  cells  meet  the  hraochiug  fibres  of  the  bi- 
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polar  kjefy  and  a  slightly  deeper  layer  in 
in  contact  with  the  dendrites  of  the  bipolar 
4.   The  internal  granular  layer  (Hg.  431, . 
layer  of  bipolar  cells,  and  is  the  most  compile 
retina.     It  is  matle  up,  however,  mainly  of 
form  in  shape,  vertical  in  arrangement,  and 
cending  and  the  other  descending.    The  dei 
and  ends  at  different  levels  in  the  internal 
where  it  forms  flattened  and    brush-like 
process  is  often  multiple,  and   it  ends  in 
branches,  which  arrange  themselves  in  some 
in  the  lower  part  of  the  exteriiul  molecul^ 


Ftr.  ^^»  — Perpendleuljir  section  of  thts  retina  of  A  ffl! 
fodfl;  Si  h<idi«'fli  "f  t'lint"^.;  <i,  horizontal  Mjtri^mal  or  small  v% 
C  borisociLal  iiilvmal  eeli  ^itU  defik]^HiidlTiK  lrrot<>plii«micftp| 
of  tho  largM  tT-IIsi;  /.  fj.  ?i,  /.  i,  fiponiriobtiuitH  ramifying  In  th" 
sooe;  m,  n,  idiftwfm  npougiobtaKta;  o,  Kanglloulc  c«ll:  1,  exl 


Besides  these  vertical  bipolar  cells  " 
cells  lying  just  beneath  the  external  molecuh 
parallel  to  the  periphery  and  ending  in  nu 
which  come  in  contact  with  the  different 
cone  cells.  Their  general  arrangement  ia  h 
appear  to  have  as  their  function  the  conne 
each  other  (fig.  434,  r,  b).  There  are  othc 
thedBi  but  having  practically  the  same  sh&p 
somewhat  more  deeply  in  the  layer;  these  co 
cells  with  each  other  aiul  have  thus  an  assoc 
addition,  in  this  layer,  nseries  of  larger  cells 
which  lie  deep  in  the  internal  granular  la; 
a  hori;!ontttl  direction  and  aj^pear  to  have  tl 
cells  of  the  ganglionic  layer  below  (see  fig.  ^ 
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5»  THb  internal  molecular  la^er  is  composed  of  a  plexus  of  fibres 
kadd  bj  the  procei^ee  of  tbe  bipolar  cells  from  above  and  of  tbe  gan- 
>i]ic  cells  below,  and  of  fibres  from  tbe  spoDgioblaats* 
6.  The  most  internal  of  the  nervous  layers  is  a  layer  of  ganglionic 
I,  consisting  of  large  multipolar  nerve-cells^  with  large  round  nueleL 
lome  parts  of  the  retina,  eapecially  near  the  macula  hi  tea,  this  layer 
lerj  thick  and  consists  of  several  distinct  strata  of  nerve-cells.  These 
I  lie  in  the  spaces  of  tbe  connective-tissue  framework.  They  are  ar- 
led  with  their  single  neuraxon  or  axis-cylinder  processes  directed  in- 
These  pass  into  and  are  continuous  with  the  layer  of  optic  fibres, 
ierBally  the  cells  send  up  numerous  brancbing  prooesaes  or  dendrites 
ich  interlace  with  the  fibres  of  tbe  bipolar  ceils  and  the  horizontal 

as  of  the  spongioblasts. 
All  the  elements  of  the  retina  are  sustained  and  isolated  by  large 

lying  vertically  which  are  known  as  the  Jibres  cf  Muller^  or  epi- 
lial  retinal  cells.  Like  the  corresponding  cells  of  the  olfactory 
pouE  tuembrane,  these  fibres  have  upon  their  sides  an  ininite  number 
laceta  which  serve  as  receptacles  to  the  nerve-corpuscles  and  fibres 
|thd  retina.  The  nucleus  of  the  fibre  of  Muller  is  found  at  the 
ll  of  the  internal  granular  layer,  and  the  two  extremities  of  the  proto- 
im  or  cell-body  are  condensed  in  two  homogeneous  layers^  known  as 
hBxternal  and  inierfm!  limiting  father.  The  external  limiting  layer  is 
led,  as  already  described,  just  between  the  layer  of  rods  and  cones 

that  of  the  visual  cells.  The  other  is  situated  upon  the  internal 
Sace  of  the  retina.  The  fibres  of  Muller  are  completely  independent 
mch  other,  having  between  themselves  and  the  nerve  elements  only 
relation  of  contact.  It  is  believed  that  their  function  is  that  of 
porting  the  nerve-tissues  and  also  isolating  them. 
It  will  be  seen  now  that  the  retina  is  composed  essentially  of  three 
ra  of  vertical  cells,  whose  processes  have  a  vertical  direction,  and 
bh  are  connected  with  each  other  by  contact  of  these  processes;  that 
^  are  also  two  other  seta  of  cells  which  form  horizontal  layers  of 
^e-processes,  these  being  in  the  inner  and  outer  parts  of  the  internal 
lular  layer.  There  are,  therefore,  strictly  speaking,  five  layers  of 
re-cells,  three  vertical  and  two  horizontal.  Two  other  layers  are 
le  up  by  the  modification  of  tbe  protoplasm  of  the  fibres  of  Muller 
^  are  purely  mechanical  in  function.     They  are  the  external  and   in- 

]  limiting  layers. 

igment'Cell  hti/er^  which  was  formerly  considered  part  of  the  choroid, 

jta  of  cells  which  cover  and  entirely  surround  the  outer  limbs  of  the 

and  cones. 

be  further  subdiviBions  of  tbe  retina  ara  more  for  purposes  of  fine 
.omy  than  of  functional  importance* 

ifftrences  in  Structure  af  Different  Farts, — Toward  the  centre  of  the 
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macula  latea  all  the  layers  of  the  retina  become  greatly  thinned  ont«id 
almost  disappear,  except  the  rod  and  cone  layer,  which  consideraUv  m- 
creases  in  thickness  but  at  the  fovea  centralis  comes  to  conaist  ilmoA 
entirely  of  long  slender  cones  and  cone-fibres,  which  curve  towsrd  tlie 
|>eriphery.  They  are  supported  by  neuroglia,  which  is  also  found  inter- 
nally as  a  thin  layer,  the  rods  \mug  ubaont.  There  are  capiUariei hue, 
but  none  of  t!io  larger  brunches  of  the  retinal  arteries. 

Toward  the  edge  of  the  macula  luteii,  not  only  are  all  the  lijm 
present,  but  the  ganglionic  layer  consistjs  of  many  strata  of  cells  (7  or  8), 
and  with  this  increase  there  is  also  an  increase  in  the  thicknesB  of  tb 
inner  granular  layer.  The  cells  are  generally  bipolar.  Towtri  ft* 
centre  the  layers  diminish  in  this  order:  optic  nerve-fibres^  ganglionic 
layer,  inner  molecular  layer,  and  inner  granular  layer.  The  rods  gwt 
scanty  and  then  are  absent. 

At  the  ora  serrata  the  layers  are  not  perfect  and  disappear  id 
onier:  nerve^fibres  and  ganglion  cells,  then  the  rods,  leaviug  oalj 
inner  limbs  of  the  cones,  these  cease,  then  the  inner  molecular  la] 
The  Mullerian  fibres  persist. 

At  tho  parS'Ciliaris  retinm,  the  retina  is  represented  byalajfW 
columnar  cells,  derived  from  the  fusion  of  the  nuclear  layers,    Tbt» 
are  covered  by  the  membrana  limitans  interna,  and  externally  im 
contact  with  the  pigment  hiyers  of  the  retina,  which  is  continued 
the  ciliary  processes. 

Blood-vessels  of  the  Ejreball. — The  eye  is  very  richly  snppli 
with  blood-vessels.  In  addition  to  the  conjunctival  vessels  which 
derived  from  the  palpebral  and  lachrymal  arteries,  there  are  at  lent 


Fig.  496,.— 8ecttcHi  ttirou|?h  t^  mAcuiik  lut«a  and  fowA  central iii  of  human  nitliuL    d  fo*«H] 
rtnificnt  of  Uie  omcuU  ioward  foirea.    The  Dumbera  indicate  the  layers  of  the  reUiuL   (1 

otber  distinct  sets  of  tesBels  snpplying  the  tunics  of  the  eyeball-    (1) ' 
vessels  of  the  sclerotic,  choroid,  and  iris,  and  (2)  the  vessels  of  tbei 

{ L )  These  are  the  short  and  long  pointer  tor  ciliary  arteries  which  piei 
the  sclerotic  in  the  posterior  half  of  the  eyeball,  and  the  rtn/fnorcilii 
which  enter  near  the  insertions  of  the  recti.  These  vessels  as 
and  form  a  very  rich  choroidal  plexus;  they  also  supply  the  iris  i 
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iarj  processes,  forming  a  very  highly  vascular  circle  round  the  outer 
■gin  of  the  iris  and  adjoining  portion  of  the  sclerotic. 
The  distinctness  of  these  vessels  from  those  of  the  conjunctiva  is 
ill  seen  in  the  diflferenee  between  the  bright  red  of  blood -shot  eyes 
njunctival  congestion),  and  the  pink  zone  surrounding  the  cornea 
icb  indicates  deep  seated  ciliary  congestion, 

(2.)  The  retinal  veMeLs  (^g.  433)  are  derived  from  the  arteria  cen- 

tilU  reiintPy  which  enters  the  eyeball  along  the  centre  of  the  optic 

Srve.      They  ramify  all  over  the  retina,  chiefly  in  its  inner  layers. 

ley  can  be  seen  by  direct  ophthalmoscopic  examination. 

The  Optical  Apparatus. 

The  optical  apparatus  may  be  supposed,  for  the  sake  of  description, 

consist  of  several  parts.  Firstly^  of  a  system  of  transparent  refract- 
£  SQrfaces  and  media  by  mean^  of  which  images  of  external  objects  are 
lought  to  a  focus  upon  the  back  of  the  eye;  and  secondly^  of  a  sensitive 
reen,  the  retina,  which  is  a  specialized  termination  of  the  optic  nerve, 
pable  of  being  stimulated  by  luminous  objects,  and  of  sending  through 
optic  nerve,  such  an  impression  as  to  produce  in  the  brain  visual 
nations.     To  these  main  parts  may  be  added,  thirdly^  an  apparatus 

focuBsing  objects  at  different  distances  from  the  eye,  called  accommO' 
tion.     Even  this  does  not  complete  the  description  of  the  whole  organ 

vision,  since  both  eyes  are  usually  employed  in  vision,  nndfourthly^ 

arrangement  exists  by  means  of  which  the  eyes  may  be  turned  in 
le  same  direction  by  a  system  of  muscles,  so  that  binocular  vision  is 
lesible. 

The  arrangement  of  the  optic  nerve-fibres,  and  of  the  continuation 
these  backward  in  the  optic  chiasma,  and  thence  to  special  districts  of 
B  brain,  have  already  been  discussed. 

The  eye  may  be  compared  to  a  pliotograplxic  camera^  and  the  trans- 
ETent  media  corresponds  to  the  photographic  lens.  In  such  a  camera 
kagea  of  external  objects  are  thrown  upon  a  ground-glass  screen  at  the 
tsk  of  a  box,  the  interior  of  which  is  painted  black.  In  the  eye,  the 
tnera  proper  is  represented  hy  the  eyeball  with  its  choroidal  pigment, 
b  screen  by  the  retina,  and  the  lens  by  the  refracting  media.  In  the 
leof  the  camera,  the  screen  is  enabled  to  receive  clear  images  of  objects 
different  distances,  by  an  apparatus  for  focussing;  The  corresponding 
btrivance  in  the  eye  is  the  accommodation. 

The  iris,  which  is  capable  of  allowing  more  or  less  light  to  pass  into 
h  eye,  corresponds  with  the  different  sized  diaphragms  used  in  the 
E>togTaphic  apparatus. 

Refractive  media  and  Mir/aces. — At  first  sight  it  would  seem  as  if  the 
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retmctiDg  apparati]s  of  the  eye  were  Tery  complicated,  seeing  that  it 
confiista  of  so  many  parts.  These  parts  are:  the  anterior  surface  of  the 
cornea  itself,  the  posterior  surface  of  the  cornea,  the  aqueofts  burner, 
the  anterior  surface  of  the  lens,  the  substance  of  the  lens  itself  (which  ii 
also  unequally  refractive),  the  posterior  surface  of  the  lens^  and  the  vit- 
reous humor.  Thua  there  are  four  surfaces,  and  at  least  incJudingtbe 
air,  five  media.  For  all  practical  purposes,  however,  these  may  be  r^ 
solved  into  a  somewhat  simpler  form,  and  the  cornea  may  be  oonsiderd 
as  one  surface,  the  anterior,  and  one  medium ;  the  aqneons  and  vitrnm* 
humors  as  one  medium;  the  lens,  n&  two  surfaces  and  one  medium.  It 
will  be  as  well  to  conBider  the  laws  which  govern  the  refraction  of  light 
under  such  circumstances. 

Id  its  simplest  form,  we  may  consider  the  refraction  through  a  simple 
transparent  spherical  surface,  separating  two  media  of  different  dengitj. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicukr]; 
do  not  suffer  refraction,  but  pass  through,  cutting  the  optic  axis  (0^ 
fig,  436),  a  line  which  paasea  exactly  through  the  centre  of  the  euiI^^| 
at  a  certain  point,,  the  nodal  poini  (fig.  436,  N),  or  centre  of  carratuTe 
Any  rays  which  do  not  so  strike  the  curved  surface  are  refracted  toinri 
the  optical  axis.  Bays  which  impinge  upon  the  spherical  surface  pand- 
lel  to  the  optical  axis,  will  meet  at  a  point  behind,  upon  the  fiiid  aii» 
which  is  called  the  chief  posterior  focus  (Tig.  436,  F^);  and  again  there 
is  a  point  in  the  optical  axis  in  front  of  the  surface,  rays  of  light  from 
which  so  strike  the  surface  that  they  are  refracted  in  a  line  panillelwitb 
the  axis  df;  such  a  point  (fig.  436,  FJ  is  called  the  chief  anterior 
focus.  The  optic  axis  cuts  the  surface  at  what  is  called  ih^prindfi 
poini. 

It  is  quite  obvious  that  the  eye,  even  in  the  simplified  form  aki\f 
indicated,  is  a  much  more  complicated  optic^  apparatus  than  the  dm 
described  in  the  figure.     It  is,  however,  possible  to  reduce  the  refractiw 


|»"«Pi 


Tig.  Ida.— Dtojirnim  of  a  Himple  opttc&l  ByHtem  (after  M.  Foster).    Tbe  eiu'ved  ttirf>c"v^ 
upDosed  to  eeiwrate  &  lefla  refractive  madlum  toward  the  left  trom  a  more  ntnetiy*  flvw"  i 


the  right. 


surfaces  and  media  to  a  simpler  form  when  the  refractive  indices  of  ^  i 


THE   SENSES. 


729 


ifierent  media  and  tbe  curvature  of  each  surface  are  known.     All  of 
lese  data  have  been  very  carefully  collected.     They  are  as  follows : — 

Index  of  refractloii  of  aqueous  and   vitreous  =  1.3365 

Jena       .         .         .         .  =  1.4371 

Radius  of  curvature  of  comt^a         .         .        .  =  7,829  mm. 

"  **  aDt4?rior  surface  of  lens  =  10  ** 

**  "  posterior  **  —  6  ** 

Distance  from  anterior  surface  of  cornea  and 

anterior  surface  of  lens        ,        .        ,        .  =  8, 6        ** 
Distance  from  poeterior  surface  of  cornea  and 

posterior  surface  of  lend       .        .         .         .  =  7,2        *• 

With  these  data,  it  has  been  found  comparatively  easy  to  reduce  by 
^culation  the  different  surfaces  of  different  curvatures,  into  one  mean 
arved  surface  of  known  curvature,  and  the  differently  refracting  media 
ito  one  mean  medium  the  refractive  power  of  which  is  known. 

The  simplest  so-called  schematic  evft  formed  upon  this  principle^ 
:gefited  by  Listing  aa  ths  reduced  eye^  has  the  following  dimensions:^ 

Ftom  anterior  surface  of  cornea  to  the  princi- 
pal paint          ,,,,,.,  ^  3,8448  TSkTSk. 
From  the  nodal  point  to  the  posterior  surface 

of  lens      ,         ,         ,         .         ,         .         ,         .  =  .47G4  ** 

Posterior  chief  focus  lies  behind  cornea  ,         .  =  23.B2Jf7  ** 

Anterior  chief  focus  in  front  of  cornea   ,         ,  =  13.8326  ** 

Radius  of  curvature  of  ideal  surface        .        .  =  5,1248  " 

In  this  reduced  or  simplified  eye  the  principal  posterior  focna»  about 
mm.  behind  the  spherical  surface,  would  correapond  to  the  position 
the  retina  behind  anterior  surface  of  cornea.  The  refracting  surface 
>iild  be  situated  about  midway  between  the  posterior  surface  of  the 
aea  and  the  anterior  surface  of  the  lens. 
The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centres  of 
ratnre  of  the  cornea  and  lens,  prolonged  backward  to  touch  the  retina 
reen  the  porns  opticus  and  fovea  centralis,  and  this  differs  from  the 
lal  axis  which  passes  through  the  nodal  point  of  the  reduced  eye  to 


Wig.  ISr.— Diaffimm  of  the  optical  angle. 

fovea  centralis;  this  forma  an  angle  of  5*^  with  the  optical  axis. 

^  aome  the  optical  axis  and  the  visual  a:ris  are  considered  to  be  iden- 
The  visual  or  optical  angle  is  included  between  the  lines  drawn 
>m  the  borders  of  any  object  to  the  nodal  point;  if  the  lines  be  pro- 
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longed  backward  they  include  an  equal  tiugle.  It  has  betB  ibowtibf 
HdmholtB  tbat  tli€  smallest  angular  dtstatice  between  two  pomUwhb^ 
can  be  appreciated  =  50  aecondfi^  the  size  of  the  retinal  ima^p  Wiitf 
3.95/^;  this  practically  corresponds  to  the  diamtiter  of  the  cooei  it  tk 


of  tin  mettiiod  of  ttat?  fonnatton  of  an  iDTfitad  immfi^  t*x»L'tif  ffHsaanAwt^^ 
retina,     Thu  d(StU?d  llufi  Im  llje  lUwl  Etitl^v  ol  CTirr*Uli*, 


fovea  eentralis  wbkh  =  3jci,  the  distance  between  the  centretof  twoni' 
jaoent  conea  beiug  ^  4jcf. 

The  image  of  an  object,  then,  is  thus  formed  npon  the  retina.  M 


Flir.  489.— DIagmiTi  nf  Ihi*  (x>ursp  t.if  a  ruf  of  Hglil,  Iti  lOniw  haw  &  blurred  «r  liKlWliict  «■£* 
formed  If  the  object  b?  not  d^xkiHIv  roeujsaed  upon  ratliia.    Tb«^  vurfaiT^  C  C  sboukl  b»  ioppop^i^Qr     I 
sent  the  ideal  curvat nm.    The  m hIbX  pc^lDl  aboidil  b«  uetMr  tbv  posterior  i urface  of  leu  ii  in  li^*- 

object  may  be  considered  aa  a  aeries  of  points^  from  each  ofwhidii 
pencil  of  light  di verges  to  the  eye,  and  this  peneil  has  for  its  ceitreof 
axis,  a  ray  which  impingiug  upon  the  refractive  surface  perpendicubiif 
to  the  surface  is  not  refracted,  but  passes  through  the  nodal  poiit,irf 
is  prolonged  backward  to  the  retina,  where^as  the  di verging  rays  are  »^ 
made  to  converge  to  a  principal  posterior  focus  behind  the  lens^,  or  i* 
chief  axis  of  the  pencil  of  light  proceeding  from  the  point  in  qaegtiait 
and  this  focus,  if  the  image  la  to  be  clear»  should  fall  on  the  retiiMU 

Thus  from  each  point  of  an  object  a  correjsponding  image  kf^niw 
on  the  retina,  so  that  an  image  of  the  distal  object  is  produced.    R  * 
an  inverted  imt^e*     Whether  the  image  is  blurred  or  not  depends  up*   ^ 
the  refractive  power  of  the  media,  and  upon  the  distance  of  the  antefWf 
surface  of  the  cornea  from  the  retina.     If  the  refractive  media  an 
powerful,  or  the  eye  too  long,  the  image  is  formed  in  front  of  the  rati 
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ig.  439);  if  the  reverse,  the  image  is  formed  behind  the  retioa,  and  in 
Dth  cusea  au  iiidiatinct  and  blurred  image  is  the  result. 

Accommodation. 

The  digtinctaeas  of  the  image  formed  upon  the  retina,  is  mainly  de- 
sndent  on  the  rays  emitted  by  each  himinous  point  of  the  object  being 
rough t  to  a  perfect  focus  upon  the  retina.  If  this  focus  occur  at  a 
3int  either  in  front  of,  or  behind  the  retina,  indistinctness  of  visioii 
i£ues,  in  the  way  we  have  already  descrilted,  with  the  production  of  a 
alo.  The  focal  distance^  i.e.,  the  distance  from  a  lens  of  the  point  at 
liich  the  luminous  rays  are  collected,  besides  being  regulated  by  the 
egree  of  convexity  and  density  of  the  lens,  varies  with  the  distance  of 
le  object  from  the  lens,  being  greater  as  this  is  shorter,  and  vice  versd. 
i^ence,  since  objects  placed  at  various  distances  from  the  eye  can  within 
certain  range,  differeut  in  different  persons,  be  seen  with  almost  equal 
ifitinctneas,  there  must  be  some  provision  by  which  the  eye  is  enabled  to 
iapt  itself,  so  that  whatever  length  the  focal  distance  may  be,  the  focal 
aint  may  always  fall  exactly  upon  the  retina. 

This  power  of  accommodation,  or  the  adaptation  of  the  eye  to  vision 
different  distances,  has  received  the  most  varied  explanations.  It  is 
'Tious  that  the  effect  might  be  produced  in  either  of  two  ways,  viz.,  (a) 
altering  the  convexity,  and  thus  the  refracting  power,  either  of  the 
nea  or  of  the  lens;  or  (b)  by  changing  the  position  either  of  the 
ina  or  of  the  lens,  so  that  whether  the  object  be  near  or  distant,  the 
^  points  to  which  the  rays  are  converged  by  the  lens  may  always  fall 
.ctly  on  the  retina.  The  amount  of  either  of  these  changes,  which 
nid  be  required  in  even  the  widest  range  of  vision,  would  be  extremely 
L  For,  from  the  refractive  {lowers  of  the  media  of  the  eye,  the  dif- 
ence  between  the  focal  distances  of  the  images  of  an  object  at  a  distance, 
.d  of  one  at  the  distance  of  four  inches,  is  only  about  0.143  of  an  inch 
L5  mm.).  On  this  calculation  the  change  in  the  distance  of  the  retina 
bm  the  lens  required  for  vision  at  all  distances,  supposing  the  cornea 
k<l  leas  to  remain  the  same,  would  not  be  more  than  about  one  line. 

The  adaptation  of  the  eye  for  objects  at  different  distances  is  pri- 
ptrily  due  to  a  varying  shape  of  the  lens,  its  front  surface  becoming 
pre  or  less  convex,  according  as  the  distance  of  the  object  looked  at  is 
liar  or  far.  The  nearer  the  object,  the  more  convex,  up  to  a  certain 
klit,  the  front  surface  of  the  lens,  and  vice  rersd;  the  back  sarface  tak- 
g  little  or  no  share  in  the  product  ion  of  the  effect  required.  And  this 
tface,  which  during  rest  is  more  convex  than  tlie  anterior,  becomes 
fe  less  convex  of  the  two  during  accommodation.  The  following  simple 
toeriment  illustrates  this  point:  If  a  lighted  candle  be  held  a  little  to 
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Fig.   44L 

¥tg.  44L  — Diftgr&m  of  Sanson 'i  ImAgea.  A,  when  the  ejt 
foeujavd  for  near  obincta.  The  ng.  to  the  rif;ht  in  A  aad  B  is  t 
t«iior  BurfAoe  of  the  lens. 

Vig.  442.— PhaJtOBOOpo  of  H<^kiihottz.  At  ^  B'  are  two  prt«i 
is  GonbentTAted  on  the  <?ye  of  th«  person  experimented  with 
eyn  of  the  observer.  Th(>  observer  notioea  three  double  fma^pei 
ej«  tioder  examination  wh^^u  the  ejrA  la  fbcecl  upon  a  distant  oh 
naTlng'  been  noticed,  the  t^yo  in  then  made  to  focus  a  near  obje 
C;  the  immgm  from  the  anterior  fnirfaoe  of  the  ieaa  will  be  obn 
in  eoDflequeooe  of  1^  lent  bticoming  more  ooavez. 
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«  all  concave  mirrors,  gives  an  inverted  image.  If  now  the  eye  under 
lervtttion  bo  made  to  look  at  a  Dear  object,  the  second  imago  becomes 
aller,  clearer,  and  approaches  the  iiriit.  If  tlie  eje  be  now  adjusted 
*  a  f ar  point,  the  second  image  enlarges  again,  bceomea  ksa  distinct, 
i  recedes  from  the  ilrst.  In  both  caees  alike  the  first  and  third  images 
uain  unaltered  in  Rjze,  distinctnese,  and  relative  position.  This 
3ves  that  during  accommodation  for  near  objccta  the  curvature  of  the 
rnea,  and  of  the  poster wr  of  the  lens,  remains  unaltered,  while  the 
ierior  surface  of  the  lena  becomes  more  convex  and  approaches  the 
rnea. 

The  experiment  (fig.  441)  is  more  striking  when  two  candles  are 
5d,  and  the  images  of  the  two  candles  from  the  front  surface  of  the 
la  during  accommodation  not  only  uj>proach  those  from  the  cornea, 
t  also  approach  one  another,  and  beconje  some  what  smaller.  (*S*««- 
l'^  imagea,) 

The  mei^hanism  of  ftccommodtition.^ — Accommodation  is  the  act  or 
Dcess  of  focussing  the  rays  of  light  from  any  object,  whether  near  or 
ttant,  upon  the  retina.  Its  mechanism  depends  primarily  upon  the 
herent  tendency  of  the  lena  to  approximate  the  ahape  of  a  sphere, 
te  elasticity  of  the  latter  can  make  itself  apparent  when  the  tension  of 
s  suspensory  ligament  is  relaxed.     This  takes  place  completely  after  a 


.  44a,~DlAgnua  representioir  hj  dotted  Uoes  the  Alteration  in  the  olmpe  of  tbe  lexu  oo  ae- 
commodMloa  for  Dear  objects.     (£,  Laodolt) 

rision  of  the  fibres  of  the  zonula.  When  we  remove  the  lens  from  the 
I  of  a  young  person,  we  see  it  assume  the  spherical  shape  immediately 
on  the  division  of  its  connections.  In  life  this  slackening  of  the  ten- 
m  of  the  suspensory  ligament  of  the  lens  ia  brought  about  by  the  con- 
ictioa  of  the  annular  fibres  of  the  ciliary  body.  This  relaxation  allows 
I  anterior  surface  of  the  lens  to  become  more  convex,  by  its  own 
jBtiG  powers,  thus  focussing  entering  rays  of  light,  say  from  a  near 
{act,  upon  the  retina;  in  other  words,  accommodation  (fig.  44B).     It 
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therefore  app^aro  that  when  the  eje  U  at  rest  i 
objects^  inasmuGh  aa  the  Buspeosory  ligament 
surface  of  the  lens  is  more  flattened.     In  accomc 
Dular  fibres  of  the  ciliary  muscle  contract^  it 
choroid,  and  by  so  doing  slackens  the  tension 
ment.     Ileuce,  the  ciliary  muscle  is  sometimes  ca^ 
The  iris  acts  in  co-ordination  with  aocommoda 
objects  the  pupil  contracts  and  dilates  upon  Tien 
RftHfje  of  Dint  hid  Vision.     Kear-jwint. — In  i 
to  the  power  of  accommodation.     If   a   book 
nearer  to  the  eye,  the  type  at  last  beoomes  in 
brought  into  focus  by  any  effort  of  accommoc 
This,  which  is  termed  the  near-pointy  can  be  de 
ing  experiment  {Schfiner).     Two  small  holes  an 
a  pin  not  more  than  a  twelfth  of  an  inch  (2 
their  distance  from  each  other  must  not  exceed 
pil.     The  card  is  held  close  in  front  of  the  i 
Tiewed  through  the  pin-holes.     At  a  moderate  i 
focnaaed^  but  when  brought  nearer,  beyond  a  c 
appears  double  or  at  any  rate  blurred.     This 
ceases  to  appour  single  is  the  near- point.     Its  d 
of  course  ba  readily  measured.     It  is  usually 
cm.)*     In  the  accompanying  figure  (fig.  44 


allvj 
14^ 


¥ig*  444.— Di&gram  of  expeiiment  to  aioertaln  ttte  xnlniaiQc 

eye;  ^the  two  pin-holes  in  the  card,  nn  the  reti 
sition  of  the  needle.     When  the  needle  is  at  9 
two  pencils  of  light  coming  from  e  and/,  are  foci 
the  retina  7in.     If  the  needle  be  brought  nearer 
strongest  effort  of  accommodation  is  not  snfficiei 
cils^  they  meet  at  a  point  behind  the  retina. 
as  if  the  retina  were  shifted  forward   to  mm, 
formed,  one  from  each  hole.     It  is  interesting 
imagee  are  produced,  the  lower  one  f/  really  ap| 
while  the  upper  one  appears  in  the  position  p 
TeriOed  by  covering  the  holes  tn  succefision. 


^b&lUn,  ^m 
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luring  accominodatioB  two  other  changes  take  place  in  the  ejes, 
The  eyes  converge  by  the  action  of  the  extra-ocular  muscles  chiefly 
he  internal  and  inferior  recti »  or  internal  and  superior  recti.  The 
dor  oblique  and  the  inferior  oblique  may  also  be  used  to  turn  the 
upward  or  downward. 

loTementa  of  the  Eye*— The  eyeball  possessea  movement  around  three  axes 

rd   in   f)g.  445,  vij£. ,  an  antero-paaterior,  a  vertical,  and  a  transverse, 
through  a  centre  of  rotation  a  little  behind  the  centre  of  the  optic  axis. 
mOTemeDts  are  accomplished  by  pairs  of  miisclefl. 


I  of  the  axefi  of  rotation  t-o  ttip  eye.     The  thin  liuej*  Indicate  axes  of  rotALioti, 
ttui  tMcJt  ibe  iKJsitiou  of  luuflcular  uttachment. 


'Direction  of  Movement.  By  what  muscles  accaraphshed, 

uxl  .....  .         Internal  rectuw. 

imd External  ret; tut*. 

^^  j  Superior  rectiLs. 

■***        .         .         .         .         »  *      1  Inferior  oblique. 

,  \  Inferior  rtH!tim. 

■*^"^ )  Superioi  ohlitiue. 

-       ,  ,  i  Internal  and  superior  rectus, 

ird  and  upward   .        .        .         ,      -^  Inferior  oblique, 

,       J  J  I  i  Internal  and  inferior  rectus, 

Wd  and  downward  .         .         .     ,      -,  Superior  olilH,>,e. 

J       J  ,  S  External  and  superior  rectus, 

wd  and  upward  .         .  ,      Unferior  oblique 

_,        *   , ,  i  External  and  inferior  rectus, 

irard  and  downward  .        .     .      ]  Superior  oblique. 

[2)  The  second  change  which  takes  place  in  the  eyes  is,  that  the 
lU  contract.     The  contraction  of  all  of  tho  muscles  which  have  to  do 

i  accommodation,  viz.,  of  the  ciliary  niuscte,  of  the  recti  muscles^ 
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And  of  the  sphincter  pupill®  is  under  the  co 
But  the  superior  oblique  may  also  be  employed, 
nerve  ia  ulso  couc^urni^d.  ^m 

Contraciion  of  the  pupil  may  also  occur  ^1 
stances:  (1)  Od  exposure  of  the  eye  to  a  brigl 
application  of  csGrino  (active  principle  of  Cfl 
udminii^tratiou  iuternulJy  of  opium,  acooitei^ 
chloroform  and  alcohol  poidoning;  (4) 
symi'athetic  or  fitiniulation  of  the  third  iierv^ 
occurs  (1)  in  a  din*  light;  (2)  wlien  the  eyaj 
jects;  (3)  on  the  local  application  of  atrop^ 
(4)  on  the  internal  adnnniatration  of  atro^ 
tbo  later  stages  of  poiaonjng  by  chioroform,  G 
(G)  on  paralyijis  of  the  third  nerve;  (7)  oust 
gympatbetic,  or  of  its  centro  in  the  floor  of  the 
Sylvius.  The  con  tract  ion  of  the  pupil  appeal 
of  a  centre  in  tlie  bulb  or  in  the  corpora  qi 
refk'xly  stimulated  by  a  bright  light,  and  the  t 
centre  is  not  in  action  is  due  to  the  more  pow< 
but  in  addition,  it  appears  that  both  contr^H 
produced  by  a  local  mechanism,  upon  which  off 
ia  independent  of  and  probably  often  antagonia 
oentral  apparatus  of  the  third  and  sympathetic  i 
fifth  nerve  upon  tlio  pnpil  ia  not  well  underatoo 
in  produciug  dihitution  ia  due  to  the  miiti 
with  ita  nasal  branch.  The  sympathetic  iuflB 
fibres  h  believed  to  be  conveyed  not  by  the  long 
nerve^  but  by  the  sbort  ciliary  branches  from  t! 

The  close  sympathy  subsisting  between  the  t 
shown  than  by  the  condition  of  the  pupil.     If  ^ 
hand  its  pupil  will  of  course  dilate;  but  the 
■also  dilate,  though  it  is  unshaded. 


em 
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Defects  in  the  Optical  Api 

Defects  in  the  Refracting  Media. — Und 

eider  the  defects  known  as  (1)  Myopia,  (2)  H 
matisni,  (4)  Spherical  Aberration,  (5)  Chroma 
The  normal  (emmetropic)  eye  is  so  ad  jus! 
brought  exactly  to  a  focus  on  the  retina  without 
da  troll  (1,  fig.  446),  Hence  all  objects  except 
objects  more  than  twenty  feet  off)  are  seen  wit] 
mod  at  ion ;  in  other  words,  the  far- point  of  the  n 
^distance.     In  viewing  near  objects  we  are  cona 


^  i4d^— DlAmm  abowloj?— 1,  normftl  r«mmetroplc')  eye  brinFinff  pftrnllel  myw  erftctly  to 
I  OQ  the  n?tinft;  2.  normal  eye  adapteil  r«  ji  n^as  point;  without  ajccomtoiodatioD  the  rays 
be  fociJBSed  behind  the  reUno,  but  by  incn*4Minfr  ttie  curvature  of  the  aoterior  iiurfi],c<^  of 
»  (shown  by  a  dttU.*^i  Vme)  the  mvH  are  focuBaiHl  on  tht>  retiuA  (aa  Indicated  by  the  meet- 
the  two  dotted  lines) ;  3»  h^ifp^^rnletr^fpir  ey«,  in  this  ease  the  slxIm  of  liie  eye  iti  Hlu>rter, 
b  lenfl  flatter,  than  nomml;  parallel  myH  arw  focuftaed  behind  the  r«tiiia;  4,  myopic  eye; 
ca8«  the  axiH  of  the  eye  is  abnormally  long,  and  the  lens  too  cooTex;  parallel  rays  are 
d  la  front  of  the  ret^oa. 

Myopia  (short-sight)  (4,  hg,  446),  is  that  refractive  condition  of 
ye  in  which  parallel  rays  are  brought  to  a  focua  in  froui  of  the 
i.  It  is  due  either  to  an  abnormal  elongation  of  the  eyeball,  antero- 
riorly,  or  to  an  increase  in  the  convexity  of  the  refracting  surfaces, 
both  of  these  con(]itioB8.  The  retina  is  too  far  from  the  lens  and 
quently  paral!el  rays  are  focussed  in  front  of  tlje  retina,  and,  cross- 
form  little  eirclea  on  the  retina;  thus  the  images  of  distant  objects 
lurred  and  intJistinct.  The  eye  is,  as  it  were,  permanently  adjusted 
near-point.  Rays  from  a  point  near  the  eye  are  exactly  focusaed 
»  retina.     But  those  which  issue  from  any  object  beyond  a  certain 
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distance  (far-poinf)  cannot  be  diatiDctly  focussed.     This  defect  i«  cor- 
rected by  voncave  glasses  which  cause  the  rajs  eiiteriug  theeyetodi- 1 
verge;    hence   they  do  not  came  to  a  focns  so  soon.     Such  giaa»i  of  | 
course  are  only  needed  to  give  a  clear  vision  of  distant  object**   for , 
near  objects^  except  in  extreme  cases,  they  are  not  required, 

Hypermdropia  (long-sight)  (3,  fig,  44tj),  is  that  refractire 
tion  of  the  eye  in  ivhieh  parallel  ruys  are  brought  to  a  focus  i 
the  retina.  It  is  the  opposite  of  myopia^  and  is  due  either  to  so  tti 
mal  shortening  of  the  eyeball,  antero-posteriorly,  or  to  a  decrease i 
convexity  of  the  refracting  surfaces,  or  both.  Parallel  rays  are  foi 
behind  the  retina:  an  effort  of  accommodation  is  required  tofoctui 
parallel  ruys  on  the  retina;  and  when  they  are  divergent,  as  in  rief 
a  near  object,  the  accommodation  is  insuflicient  to  focus  thein,  Thm 
in  well*marked  cases  distant  objects  require  an  effort  of  accomniodatifa 
and  near  ones  a  very  powerful  effort.  Thus  the  ciliary  muscle  \%  «hi- 
Btantly  acting.  This  defect  is  obviated  by  the  use  of  ca/u-rjgbMir  | 
which  renders  the  pencils  of  light  more  convergent.  Such  glasses  ire  rf  I 
course  especially  needed  for  near  objects,  as  in  reading,  etc.  Ther  ret 
the  eye  by  relieving  the  ciliary  muscle  from  excessive  work. 

3.  Astigmatism. — This  defect,  which  was  first  discovered  by  Airr, iij 
due  to  a  greater  curvature  of  the  eye  in  one  meridian  than  in  oti 
The  eye  may  be  even  myopic  in  one  plane  and  hypermetropic  in( 
Thus  vertical  and  horizontal  lines  crossing  each  other  cannot  botl 
focussed  at  once;  one  set  stands  out  clearly  and  the  others  are  bltt 
and  indistinct.     This  defect,  which  is  present  in  a  slight  degree  ii 
eyes,  is  generally  seated  in  the  cornea,  but  occasionally  in  the  loDli 
well;  it  may  be  corrected  by  the  use  of  cylindrical  glasses  (i.e.,' 
only  in  one  direction). 

4,  Spherical  Aberration. — The  rays  of  a  cone  of  light  from  m  ol»jf 
situated  at  the  side  of  the  field  of  vision  do  not  meet  all  in  the  s 
point,  owing  to  their  onequal  refraction;  for  the  refraction  of  tlie rafl 
which  pass  through  the  circumference  of  a  lens  is  greater  than  tbatlj 
those  traversing  its  central  portion.     This  defect  is  known  as j 
iberratiofiy  and  in  the  camera,  telescope,  microsco[ie,  and  other ( 
instrunients,  it  is  remedied  by  the  interposition  of  a  screen  witbacin 
lar  aperture  in  the  |iath  of  the  rays  of  light,  cutting  off  all  the 
rajs  and  only  allowing  the  passage  of  those  near  the  centre, 
rection  is  effected  in  the  eye  by  the  iris,   which  forms  an  sun^^i 
diaphragm  to  cover  the  circumference  of  the  lens,  and  to  prcreatl 
rays  from  passing  throogh  any  part  of  the  lens  but  its  centre  which c 
responds  to  the  pupil.     The  i:»osterior  surface  of  the  iris  is  coated 
pigment,  to  prevent  the  passage  of  rays  of  light  through  itssubstin 
The  image  of  an  object  will    be   most   defined  and  distinGt  wban  i 
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is  narrow,  the  object  at  the  proper  distaoce  for  vision,  and  the 
ftbandaiit ;  so  that,  while  a  stiffioieut  number  of  rays  are  admitted, 
irrowness  of  the  pupil  may  prevemthe  production  of  indistinctness 
1  image  by  spherical  aberratwn.  But  even  the  image  formed  by 
lys  passing  through  the  circumference  of  the  lens,  when  the  pupil 
ich  dilated,  as  in  the  dark,  or  in  a  feeble  light,  may,  under  certain 
nstauees,  be  well  defined, 

istinctness  of  vigion  is  further  secured  by  the  pigment  of  the  outer 
)e  of  the  retina,  the  posterior  surface  of  the  iris  and  the  ciliary 
ases,  which  absorbs  any  rays  of  light  that  may  be  reflected  within 
fe,  and  prevents  their  being  thrown  again  upon  the  retina  so  as  to 
lere  with  the  images  there  formed.  The  pigment  of  the  retina  is 
ially  important  in  this  respect;  for  with  the  exception  of  its  outer 
the  retina  is  very  transparent,  and  if  the  surface  behind  it  were  not 
dark  color,  but  capable  of  reflecting  the  light,  the  luminous  rays 
I  had  already  acted  on  the  retina  would  be  reflected  again  through 
d  would  fall  upon  other  parts  of  the  same  membrane,  producing 
dazzling  from  excessive  light,  and  indiatinctness  of  the  images, 

Chromaiic  Aberraiion.~ln  the  passage  of  light  through  an  ordi- 
convex  lens,  decomposition  of  each  ray  into  its  elementary  colored 
commonly  ensues,  and  a  colored  margin  appears  around  the  image, 
{ to  the  unequal  refraction  which  the  elementary  colors  undergo, 
tical  instruments  this,  which  is  termed  chromaiic  aberration^  is  con- 
1  by  the  use  of  two  or  more  lenses,  differing  in  shape  and  density, 
econd  of  which  continues  or  increases  the  refraction  of  the  rays 
iced  by  the  first,  but  by  recombining  the  individual  parts  of  each 
ito  its  original  w^hite  light,  corrects  any  chromatic  aberration  which 
lave  resulted  from  Wie  first.  It  is  probable  that  the  unequal  refrac- 
ower  of  the  transparent  media  in  front  of  the  retina  may  be  the 
I  by  which  the  eye  is  enabled  to  guard  against  the  effect  of  chromatic 
ition.  The  human  eye  is  achromatic,  however,  only  so  long  as 
aage  is  received  at  its  focal  distance  upon  the  retina,  or  so  long  as 
jre  adapts  itself  to  the  different  distances  of  sight.  If  either  of 
conditions  be  interfered  with,  a  more  or  less  distinct  appearance 
ors  is  produced. 

1  ordinary  ray  of  white  light  in  passing  through  a  prism,  is  refract- 
r,,  bent  out  of  its  course,  but  the  different  colored  rays  which  go 
ike  up  white  light  are  refracted  in  different  degrees,  and  therefore 
r  as  colored  bands  fading  off  into  each  other:  thus  a  colored  band 
1  as  the  **  spectrum"  is  produced,  the  colors  of  which  are  arranged 
lows — red,  orange,  yellow,  green,  blue,  indigo,  violet;  of  these 
d  ray  is  the  least,  and  the  violet  the  most  refracted*  Hence,  as 
holtz  has  shown,  a  sm^ill  white  object  cannot  be  accurately  focuased 
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on  the  retinm,  tor  if  we  toons  tor  tlio  lod  xqv, 
and  vic$  v$r$d:  mdi  ofa|0otab  if  not  emeU^  fo 
rounded  bya^pib  jillowidi  orUAiiii  fringe.. 

ForBimikrxeiionteredffsbeeJ  k  aea 
eqaal  distanoe,  beoMioe»  tfae  red  mj%  being  1 
effort  of  aooommodAtion  ieneomtfyto  focus  th 
9B  if  for  e  nearer  ol^eet,  and  tihnton  tiie  red 

From  the  insolBeieiit  adjaatanont  of  tiie  ii 
jeoti  it  qipeara mnoanded  hf  Aaortof  haloc 
enon  it  termed  IffniMkn,  It  iti  from  this  : 
on  a  Uaok  ground  iqqpean  larger  than  a  black 
a  white  ground. 

As  an  optioal  instnuMttt»  tt^nye  <»  snpf 
f ollowing,  among  smnj  othsr  |iartieBkH»»  lAI 
detaiL  1.  The  correetness  of  images  eTen  m 
The  nmplioity  and  efficieney  of  the  meajm  by 
ti<m  is  aroided,  S.  The  perfect  efficiency  of  i 
distanoes.'  In  the  photographic  camera,  it  iiw 
paratircly  small  object  can  l>e  accurately  focng 
of  a  large  object  near  at  hand,  the  upper  ai] 
more  or  less  hazy,  and  rertical  lines  appear  ecu 
fact  that  the  image  prodnoed  by  a  convex  lens  if 
can  only  be  received  without  distortion  on 
screen,  hence  the  distortion  on  a  flat  surfac 
different  with  the  eye,  since  it  possesses  a  a 
which  the  field  of  vision  is  depicted,  and  with 
the  image  coincides  exactly.  Thus,  the  defe< 
is  entirely  avoided ;  for  the  eye  is  able  to  emb] 
the  margins  of  which  are  depicted  distinotly,  a 
the  retina  had  a  plane  surface  like  the  groun 
it  must  necessarily  be  much  larger  than  is  re: 
see  as  much ;  moreover,  the  central  portion  o 
would  give  a  good  clear  picture  (Bernstein). 

Presbyopia  is  the  diminution  of  the  rang 
takes  place  with  perfect  uniformity  from  youtl 
disease,  but  a  physiological  process  which  e\ 
owner  grows  older.  It  is  due  to  a  gradual  s 
the  periphery  of  the  lens,  which  begins  even  ii 
so  slowly  that  it  is  not  until  the  age  of  tvv 
though  small,  nucleus  is  present.  With  ad^ 
goes  on  until,  finally,  the  lens  becomes  inelaati 
a  shape  convex  enough  to  focus  rays,  from 
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lina,  as  in  reading.     Tlio  defect  is  remedied  by  tlie  use  of  convex 
pses  equivalent  to  the  loss  in  accommodation. 

Visual  Seksatioks. 

Excitation  of  the  Retina.— Light  ia  the  normal  agent  in  the  ex- 
ution  of  the  retina.  The  only  layer  of  the  retina  capable  of  reacting 
the  stimolus  is  the  rods  and  cones*  The  proofs  of  this  statement 
ay  be  summed  up  thus: — 

(1.)  The  point  of  entrance  of  the  optic  nerve  into  the  retinaj  where 
rods  and  cones  are  absent,  is  insensitive  to  light  and  is  called  the 
ind  spot.  The  phenomenon  itself  is  very  readily  demonstrated.  If 
( direct  one  eye,  the  other  being  closed^  upon  a  point  at  such  a  dis- 
cice  to  tlie  side  of  any  object,  that  the  image  of  the  latter  must  fall 
[>n  the  retina  at  the  point  of  entrance  of  the  optic  nerve,  this  image 
lost  either  instantaneously,  or  very  soon,     If,  for  example,  we  close  the 

f  eye,  and  direct  the  axis  of  the  right  eye  steadily  toward  the  circulai 


iot  here  represented,  while  the  page  is  held  at  a  distance  of  about  si^s 
pches  from  the  eye,  both  dot  and  cross  are  visible.     On  gradually  in- 
Baaing  the  distance  between  the  eye  and  the  object,  by  removing  the 
©k  farther  and  farther  from  the  face,  and  still  keeping  the  right  eye 
^adily  on   the  dot,  it  will  he  fonnd  that  suddenly  the  cross  disappears 
CUn  view,  while  on  removing  the  book  still  farther,  it  suddenly  comes 
1  sight  again.     The  cause  of  this  phenomenon  is  simply  that  the  por- 
In  of  retina  which  is  occupied  by  the  entrance  of  the  optic  nerve,  ii 
[ite  blind;  and  therefore  that  when  it  alone  occupies  the  field  of  vision, 
jecta  cease  to  he  visible.      (2.)  In    the  fovea  centralis   and  macula 
tea  which  contain  rods  and  cones  but  no  optic  nerve-fibres,  light  pro- 
ice>8  the  greatest  efTeet.     In  tlie  latter,  cones  occur  in  large  numbers, 
pd  in  the  former  cones  without  rods  are  fonnd,  whereas  in  the  rest  of  the 
tina  which  is  not  so  sensitive  to  light,  there  are  fewer  cones  than  rods* 
^  may  conclude,  therefore,  that  cones  are  even  more  important  to 
{■ion  than  rods.     (3.)  If  a  small  lighteil  candle  be  moved  to  and  fro 
I  the  side   of  and   close  to  one   eye  in  a  dark    room   while  the  eyes 
^k    steadily  forward    into    the    darkness,  a    remarkable    branching 
tire  (PurkinjVsfif/iires)  is  seen  floating  before  the  eye,  consisting  of 
rk  lines  on  a  reddish  ground.     As  the  candle  moves,  the  figure  moves 
the  opposite  direction,  and  from  its  whole  appearance  there  can  bo  no 
bbt  that  it  is  a  reversed  picture  of  the  retinal  vessels  projected  before 
b  eye.     The  two  large  branching  arteries  passin^r  i^p  and  down  from 
b  optic  disc  are  clearly  visible  together  with  their  minutest  branches* 


MS 
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A  liitte  to  one  aide  of  the  disc,  in  a  part  f  r^ 
jeUow  apot  in  the  form  of  a  slight  deprejiioti. 
anoe  is  dae  to  shadows  of  the  retinal  vessels  a 
brancheB  <A  ihe^e  ve^sseU  are  chiefly  distributee 
ganglionio  layers;  and  si  nee  the  light  of  tbe  c 
Tonaoln  from  in  front,  the  shadow  i&  cast  behini 
dements  of  the  retina  which  ptireeiva  tb^  sbiid 
ihe  Tenels.     Een^,  then,  we  have  a  clear  proof 
elements  of  the  retina  are  not  the  fibres  of  tbi 
innermoet  layer  of  tlia  retiua,  but  the  external 
and  oonee,  which  indc?ed  apptuir  to  \m  th©  ape 
optio  nerre-fihri^. 

Duration  0/  Visual  Sef$saiiOf4g. — The  durat 
dnced  by  a  lunilnotig  impremiou  on  the  retina  ie 
of  the impreedon  which  prmluoe^  it*  Ilowevor  I 
don,  the  effect  on  the  I'etina  always  lagte  far  abot 
Thus,  Buppodng  im  object  in  motion,  say  a  ho 
dark  night  by  a  flash  of  lightning.  The  object 
for  an  eighth  of  a  second ^  but  it  would  not  up 
althoogh  the  imago  remained  on  the  retina  fo 
revealed  for  snch  an  extremely  ^hori  period  (a 
almost  instantaneous)  tliut  no  appreeiablt*  mc 
the  object  con  hi  have  taken  place  in  the  per 
revealed  to  the  retina  of  the  observer.  And  the 
reverse  way.  The  spokes  of  a  rapidly  revoldi 
distinct  objects,  l>ecaiise  at  every  point  of  the  ii 
the  revolving  spokes  pass,  a  given  impression  has 
comes  to  replace  it.  Thus  every  part  of  tin 
appears  occupied. 

The  duration  of  the  after'Semaiion^  produce 
in  a  direct  ratio  with  the  duration  of  the  impi 
Hence  the  image  of  a  bright  object,  as  of  the  p 
which  the  light  is  shining,  maj  be  perceived  i 
siderable  periotl,  if  we  have  previously  kept  oui 
on  it.  But  the  image  in  this  case  is  negaii 
shutting  the  eyes  for  some  time,  we  open  them 
an  instant,  and  again  close  tbem,  the  after- i ma 

Intensity  of  Visnitl  Senmtwm* — It  is  quite 
luminous  a  body  the  more  intense  m  the  sensati 
intensity  of  the  sensation  is  not  direcily  prop< 
of  the  luminosity  of  the  object.  It  is  necessai 
tain  intensity  before  it  can  excite  the  retina,  bu 
arbitrary  limit  to  the  power  of  excitability*  2 
also  in  visual  sensations,  a  stimulna  may  be  too 
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ion.  If  it  be  increased  in  amouiit  sufficiently  it  begins  to  produce  an 
ict  whicb  is  increased  on  the  increase  of  the  stimulation;  this  in- 
in  the  effect  is  not  directly  proportional  to  the  increase  in  the 
ilation,  but,  according  to  FechfUT's  law^  "  as  the  logarithm  of  the 
uluB,"  i,e.^  in  each  sensation,  there  is  a  constant  ratio  between  the 
icrease  in  the  stimulus  and  the  increase  in  the  sensation,  this  constant 
»tio  for  each  sensation  expresses  the  least  perceptible  increase  in  the 
toaation  or  minimal  increment  of  excitation, 

I  This  law,  which  is  true  only  within  certain  limits,  may  be  best 
aderstood  by  an  example.  When  the  retina  has  been  stimulated  by  tho 
ght  of  one  candle,  the  light  of  two  candles  will  produce  a  difference  in 
aisation  which  can  be  distinctly  felt.  If,  however,  the  first  stimulus 
id  been  that  of  an  electric  light,  the  addition  of  the  light  of  a  candle 
BBld  make  no  difference  in  the  sensation.  So,  generally,  for  an  addi- 
Dnal  stimulus  to  be  felt,  it  may  be  proportionately  small  if  the  original 
imnlus  Lave  been  small,  and  must  bo  greater  if  the  original  stimulus 
ive  been  great.  The  stimulus  increases  as  the  ordinary  numbers,  while 
,e  sensation  incrj?ases  as  the  logarithm. 
Part  of  the  light  whicli  enters  the  eye  is  abBorbed  and  produces  some 
ige  in  the  retina,  of  which  we  shall  treat  further  on;  the  rest  is 
lected. 

Every  one  is  perfectly  familiar  with  the  fact,  that  it  is  quite  impos- 

ile  to  see  the  fundus  or  back  of  another  person's  eye  by  simply  looking 

to  it.     The  interior  of  the  eye  forms  a  perfectly  black  background  to 

le  pupiL     The  same  remark    applies    to   an   ordinary   photographic 

imera,  and  may  be  illustrated  by  the  difficulty  we  experience  in  seeing 

Ito  a  room  from  the  street  through  the  window,  unless  the  room  be 

hted  within-     In  the  ease  of  the  eye  this  fact  is  partly  due  to  the 

blenesa  of  the  light  reflected  from  the  retina,  most  of  it  being  absorbed 

the  retinal  pigment,  as  mentioned  above;  but  far  more  to  the  fact  that 

'ery  such  ray  is  rellected  straight  to  the  source  of  light  (e.^.,  candle),  and 

ot,  therefore,  be  seen  by  the  unaided  eye  without  intercepting  the 

ident  light  from  the  candle,  as  well  as  the  reflected  rays  from  the 

ina.     This  ditliculty  is  surmounted  by  the  use  of  the  vphfhttlmoscope. 

The  ophtlialntoscc»per  brought  into  use  by  Helmholts,  consists  in  its  simplest 
rm  of  a  mirror  witli  a  bole  id  it.  The  one  about  to  be  described  is  one  of 
less  Intricate  of  the  lucxlem  iiistnimeDta,  It  consists  of  a,  a  sligbtly  con- 
Jto  mirror  of  metal  or  silvered  glass  perforated  in  tbc  centre,  and  fixed 
a  bundle;  and  b,  &  biconvex  lens  of  nbmil  24-tJ  incbcs  focal  length. 
wo  methods  of  examining  the  eyt*  with  this  instrument  are  in  common  nse 
lie  direct  and  the  indirect:  both  methods  of  investlgmtion  aliouUl  be  em* 
byed.  A  normal  eye  should  be  examined  ;  a  drop  of  a  solution  of  atropia 
fo  grains  to  the  ounce)  or  of  homatropia  hjdrobromaiv,  should  be  instilled 
DUt  twenty  minutes  before  the  examination  is  commenced  ;  the  ciliary  muB- 
is   thereby    paralyeei)«  the   i>ower  of  accommodation   ia   abolished,  and   the 
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pupil  is  dilated.  This  will  materially  facilitate  the  exiunitiatioii ;  but  il  ii 
quite  possible  to  obeerve  all  tho  details  to  he  presently  described  witbout  theOR 
of  tliis  drug.  The  room  beiag  dow  darkened,  the  observer  seats  hinuelf  in  finnl 
of  the  pef^ou  whose  eye  he  is  about  to  examine,  placing  bimdelf  upon  a  iqk^ 
what  higher  level.  A  brilliant  and  steady  light  is  placed  doee  to  the  Lpftdr 
of  the  patient.  Tli©  atr»*pia  having  been  put  into  tlie  right  eye  *ml^%>t  th<>^ 
Hent,  this  eye  is  examined.  Taking  the  mirror  in  hiB  right  haucL^d  \m\m 
tlirough  the  central  hole,  the  operator  directs  a  beam  of  light  into  tlie  eye  g( 


A^ 


a^ 


^i 


ftte  the  action  of  \hf  Ophthaimoaoope.  wheti  a  fjlADc  «uiit 
Thp  llirht  refl«»*M*Hl  fmui  Any  poiiil,  d,  on  netlmi  »rf  ft.  w«*t 

r  4mm  I will  111  mm  i\^  tliti  l«*ii»  h  Ifi  u»!il  it  VToiilcl  be  locttSKd  t&  \^  ttk  oLfaerinvdktt 

oaoli  of  c.    Th«  Inuige  wicmiil  bo  enlarg«xl,  lui  ihoujcti  of  g^  «ntl  would  be  inrertfd.    Ciilcrle' 
Ore^or  RohertBon,) 

the  patient.  A  red  glare,  known  as  the  reflex^  is  seen  ;  it  Is  due  to  the  illonit' 
nation  of  the  retina.  Tlio  patient  is  then  told  to  li»ok  at  the  little  finger  tiftif 
obm^rver*s  right  Imnd  as  he  holds  the  mirror;  to  effect  this  the  eye  istuWipij 
flomewhat  inwani,  and  at  tlie  same  time  the  reflex  changes  fronn  red 
lighter  color,  owing  to  the  reflection  from  the  optic  disc  The  oliseircr' 
appmximates  the  nurrc^r,  and  with  it  his  eye  to  the  eye  of  the  patient,  laitfif 
care  to  keep  the  light  tixed  uikiu  the  pupil,  so  as  not  to  lose  the  reflt-x  A** 
certain  point,  which  varies  with  ditTercnt  eyes,  but  is  usually  when  d^ereisu 
interval  of  about  two  or  three  iuLlieB  between  the  ol^serred  and  tho  ob^cmBf 
eye,  the  vessels  of  the  retina  will  become  visible  as  lines  running  in  <liff<'n^^ 
direetitms.  Distinguish  the  smalhT  and  brighter  rod  arteries  from  the  Nj*^ 
and  darker  colored  veins.  K-xamitio  carefully  the  fundus  of  the  eye,  if ,  1^ 
red  surface — until  the  optic  disc  is  seen ;  trace  its  circular  outline,  and  obeo^ 


Tilt"  1 
RoDcriNoii 


to  niiiKtrat*  o^rtion  cif  ophthalmosoopp  when  a  bl-coDvcE  |rU»  "jji 
a  1-4  under  ordinary  conditions  fcteu§ai«i  at  /  And  lnT«rl^.  If  tbg*^**? 
■,  tliif-  iuio^f  ft  I  ft  seen  by  Ui<*  eye  r  a«  AD  tailargcd  Imagei    (Alto"  SKif^ 


the  small   central   white   spot,  the  poms  opticus,  phymoJoQical  pif .' 
cjentre  h  the  central  artery  of  the  retina  breaking  up  up>n  the  disc  into  I 
veins  also  jire  present,    and  oorresipc»nd   roughly  to  the  course  of  tlve 
Trace  the  vesBela  over  the  disc  on  to  the  retina.     The  optic  disc  i$  houn 
two  delicate  rin^,  the  more  external   l>i^in£r  the  ehonddal.  while  themoff'' 
tornal  is  tlie  sclerotic   opening.     Somewhat  to  the  outer  eide,  and  only  ''i***  j 


^^ 
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St^r  some  practice^  is  the  yellow  spot,  with  the  smaller  lighter- colored  fovea 
^traiU  in  its  centre.     This  constitutes  the  direct  methc>d  of  examination  (fig. 
^  ;  by  it  the  various  details  of  the  fundus  are  seen 
I  they  really  exist,  and    it  is  thin  method  which 
Nnild  be  adopted  for  onliuary  use. 

If  the  ob«ener  in  ametropia  i.e«»  is  myopic  or 
fpennetropie,  ho  will  be  unable  to  employ  the 
Irect  method  of  examination  until  he  lias  remedied 
b  defective  vision  hy  the  use  of  pro|ier  glasses. 

In  tlie  indirect  method  (fig.  448)  the  patient  is 
Uoed  as  before,  and  the  operator  hold«  the  mirror 

his  right  hand  at  a  distance  of  twelve  to  eighteen 
whes  fn:im  the  patient's  right  eye.  At  the  same 
me  he  rests  his  left  little  linger  lightly  upon  the 
jht  temple,  ami  holding  tlie  lens  between  his 
lumb  and  forefinger,  two  or  three  inches  in  front 

the  patient's  eye,  directs  the  Ught  through  the 
Els  into  the  eye.  The  red  reflex,  and  Kubsequently 
t  white  one,  having  been  gained,  the  operator 
ffflj  moves  his  mirror,  and  with  it  his  eye,  toward 
'  away  from  the  face  of  the  patient,  until  theout- 
|6  of  one  of  the  retinal  veHSc^ls  lx?eomes  \"isihle, 
hen  very  slight  movements  on  the  part  of  the 
lerator  will  suflice  to  bring  into  view  the  details 

the  fundus  al>ov©  deerribed,  but  tlie  linage  will 
I  much  smaller  and  inverted.  The  lens  shuiild  be 
mi  fixed  at  a  distance  of  two  or  tiiree  inches,  the 
Irror  being  alone  niuved  until  tlie  disc  becomes 
iible :  sboidd  the  image  of  the  mirror,  however, 
icure  the  disc,  the  lens  may  l>e  slightly  tilted. 


^^: 


Kig.  449.— Tiie  oplithaJiDO- 
Bcope?.  Tilts  Kmall  uiifji>r  mir- 
ror la  for  direct,  tne  larf^er 
for  itidirect  illutnlnation. 


Visual   Purple, — The  metliod  by  which  a  ray  of  light  is  able  to 

mulute  the  endings  of  the  optic  nerve  in  the  retimi  in  such  a  manner 

^t  a  visual  sensation  is  perceived  by  tlie  cerebrum  is  not  yet  under- 

lod.     It   is  i5upj>osed   that   the  cliange  effected  by  the  agency  of  Uie 

;ht  which  falls  upon  the  retina  is  in  fact  a  chemical  alteration  in  the 

»plas!n,  and  that  thiij  change  stimulates  the  optic  nerve-endings. 

e  diBcovery  of  a  certain  temporary  redilish- purple  pigmentation  of  the 

Iter  limbs  of  the  retinal  rods  in  certain  animals  (c\j/.,  frogs)  which  had 

len  killed  iti  the  dark,  forming  the  so-called  rhodopsin  or  vimial purple^ 

Ipeared  likely  to  otTer  some  explanation  of  tlie  matter,  especially  as  it 

|8  also  found  that  the  pigmentation  dii^appeared  when  the  retina  was 

tposed  to  light,  and  reappeared  when  t}ie  light  was  removed,  and  also 

lat  it  underwent  distinct  changes   of  color   when   other  than  white 

ght  was  iis^^d.     It  was  also  found  that  if  the  operation  were  performed 

kickly  enough.^  the  imaire  of  an  object  (apfogram)  might  be  fixed  in  the 

j^ent  on  the  retina  by  soakini^  the  retina  of  an  animal,  which  has 

>en  killed  in  the  dark,  in  alum  solution. 
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The  TimaT  purple  cannot  however  be  abfiolatelj  eBsenti^  totkditi 
prodiiotioii  of  nsu&l  sensations,  m  it  is  abysent  from  the  r^tbil  msk 
^«H  from  the  mueuk  lutt^a  und  fovea  eentmlig  of  the  htntmn  retinB^ttil 
does  not  appear  to  eiist  at  all  in  the  retimu  of  mme  animuls^  i.g,^  H 
dove^  and  hen,  which  are,  neverthetassT  p^^ssessed  of  good  TidotL 

Howerer  the  fact  remsim  that  light  falling  upon  thfi  mim  (i) 
hbacheB  the  pi$tial  purple^  and  this  must  be  considered  as  one  of  ik  Axk. 
It  has  been  found  that  certBin  pigments,  also  senBitive  to  light,  ire 
tained  in  the  inner  segments  of  the  cones.  These  colored  \iodm  ar&flul 
to  be  oil  i^obnles  of  Yurions  oolora^  red^  green,  aiid  jellowj  called  firw*" 
|iitoM9,  and  are  found  onlj  in  (lie  retinas  of  aniniaLs  not  mufnmidi^  Tk 
rhodopdn  at  any  rate  appears  to  he  derived  in  some  way  from  the  fBtioil 
pigment,  since  the  color  is  not  renewed  after  bleaching  if  the  retini  Iff 
detached  from  its  pigment  layer,  (i)  The  second  change  produced  ^ 
the  action  of  the  l^t  npcai  the  retina  is  the  fmmmmd  of  ihf  pfMd 
cMs.  On  tiie  stimilaMcn  el  light  the  granules  of  |dgmeDt  in  the  cdk 
which  overlie  the  oater  part  of  the  rod  and  oone  layer  of  the  t^qm 
become  difFdacd  in  the  part^  of  the  oeUs  betireen  the  rodi  and  cunes.  tb 
melanin  or/«i^ci7igraQEl^»  as  they  an  called,  passio^down  into  th^  pro- 
cesses  of  tiie  cells.  (<r)  A  memmmU  Qfike  c&ms  and  pciriUy  of  fche  r^ 
is  also  said  to  occur,  aa  has  been  already  incidentally  mentioned;  on  tl» 
stimulus  of  light  the  onter  parts  of  the  cones,  which  in  an  eye  ptotetri 
from  light  extend  to  the  pigment  layer,  are  retracted*  It  is 
thought  that  the  contraction  is  nnder  the  control  of  the  nervous 
and  finally,  according  to  the  careful  reeearches  of  Dewar  and  McK(»- 
drick,  and  of  Holmgren,  it  appears  that  the  stimnlns  of  light  isaiJito 
produce  (d)  a  variaiioii  of  the  natural  electricai  airrenis  0/  Hi  fv/i* 
The  current  is  at  first  increased  and  then  diminished.  McKeDdridr 
believes  that  this  is  the  electrical  espreesion  of  those  chemtcal  cbm^ 
in  the  retina  of  which  we  have  already  spoken. 

YrSUAL  PeBCEPTIOHS   A^'D    JI'DGM£NT8. 

Reversion  of  the  Ima^r^. — It  will  be  as  well  to  repeat  heretWl 
the  direction  given  to  the  rays  bj  their  refraction  is  regulated  bj  tWj 
of  the  central  ray,  or  axis  of  the  cone,  toward  which  the  raya  aw  bent 
The  image  of  any  point  of  an  object  is,  therefore,  as  a  rule  (the  eiceptiflw  J 
to  which  need  not  here  be  stated),  always  formed  in  a  line  identicilfiw  I 
the  axis  of  the  cone  of  light,  as  in  the  line  of  B  d,  or  A  a  (fig*  450),io  w 
the  spot  where  the  image  of  any  point  wiU  be  formed  upontheMiMl 
may  be  determined  by  prolonging  the  central  ray  of  the  oone  of  li^^Mi 
or  that  ray  which  traverses  the  centre  of  the  pnpiL     Thus  An  u  ebjI  j 
axis  or  central  ray  of  the  cone  of  light  issuing  from  aj  b  ^  tiie  m^f 


THE  SENSES.  747 

my  of  the  cone  of  light  issuing  from  b;  the  image  of  A  is  formed  at  a, 
sJie  image  of  b  at  &,  in  the  inverted  position :  therefore  what  in  the  ob- 
i«ct  was  above  is  in  the  image  below,  and  vice  versdy — the  right-hand 
Mrt  of  the  object  is  in  the  image  to  the  left,  the  left-hand  to  the  right. 
Lf  an  opening  be  made  in  an  eye  at  its  superior  surface,  so  that  the 
T«tina  can  be  seen  through  the  vitreous  humor,  this  image  of  any  bright 
i^bject,  sach  as  the  windows  of  the  room,  maybe  perceived  inverted  upon 
ihe  retina.  Or  still  better,  if  the  eye  of  any  albino  animal,  such  as  a 
vhite  rabbit,  in  which  the  coats,  from  the  absence  of  pigment,  are  trans- 
aarent,  is  dissected  clean,  and  held  with  the  cornea  toward  the  window, 
Ik  very  distinct  image  of  the  window  completely  inverted  is  seen  depicted 
Ml  the  posterior  translucent  wall  of  the  eye.     Volkmaun  has  also  shown 


Fig.  450. —Diagram  of  the  formation  of  the  image  on  the  retina. 

liat  a  similar  experiment  may  be  successfully  performed  in  a  living  per- 
cm  possessed  of  large  prominent  eyes,  and  an  unusually  transparent 
derotic. 

An  image  formed  at  any  point  on  the  retina  is  referred  to  a  point 
ntside  the  eye,  lying  on  a  straight  line  drawn  from  the  point  on  the 
etina  outward  through  the  centre  of  the  pupil.  Thus  an  image  on  the 
aft  side  of  the  retina  is  referred  by  the  mind  to  an  object  on  the  right 
Lde  of  the  eye,  and  vice  versd.  Thus  all  images  on  the  retina  are  men- 
ally,  as  it  were,  projected  in  front  of  the  eye,  and  the  objects  are  seen 
r'ect  though  the  image  on  the  retina  is  inverted.  Much  needless  con- 
osion  and  difficulty  have  been  raised  on  this  subject  for  want  of  re- 
membering that  when  we  are  said  to  see  an  object,  the  min  I  is  merely 
onscious  of  the  picture  on  the  retina,  and  when  it  refers  it  to  the  ex- 
^Tnal  object,  or  "  projects"  it  outside  the  eye,  it  neee^ssarily  reverses  it 
Qd  sees  the  object  as  erect,  though  the  retinal  image  is  inverted. 
^is  is  further  corroborated  by  the  sense  of  touch.  Thus  an  object 
'^liose  picture  falls  on  the  left  half  of  the  retina  is  reached  by  the  right 
Mnd,  and  hence  is  said  to  lie  to  the  right.  Or,  again,  an  object  whose 
xiage  is  formed  on  the  upper  part  of  the  retina  is  readily  touched  by 
be  feet,  and  is  therefore  said  to  be  in  the  lower  part  of  the  field,  and 
^  on. 

Hence  it  is  also,  that  no  discordance  arises  between  the  sensations  of 
D^'^erted  vision  and  those  of  touch,  which  perceives  everything  in  its 
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erect  positton;  for  the  images  of  all  objects,  even  of  our  own  limbs,  oi 
the  retina,  are  equally  inverted,  and  therefore  maintain  the  same  relv 
tive  position. 

Even  the  image  of  our  hand,  while  used  in  touch,  h  seen  invenei 
The  position  in  which  we  see  objects,  we  call,  therefore,  the  eral  poii- 
tion,  A  mere  lateral  inversion  of  our  body  in  a  mirror,  where  theri^t* 
hand  occupies  the  left  of  the  image,  is  indeed  scarcely  remarket!:  »ni 
there  is  but  little  discordance  between  the  sensations  acquired  by  touch 
in  regulating  our  movements  by  the  image  in  the  mirror,  and  thosof 
sight,  aa,  for  example,  in  tying  a  knot  in  the  cravat.  There  ie  mm 
want  of  harmony  here,  on  account  of  the  inversion  being  only  ktenl, 
and  not  complete  in  all  directions. 

The  perception  of  the  erect  position  of  objects  appears,  therefore*  to 
be  the  result  of  an  act  of  the  mind.  And  this  le^ids  us  to  a  cousidemtioa 
of  the  several  otfier  properties  of  the  retina,  and  of  the  co-operatioa  rf 
the  mind  in  the  several  other  parts  of  the  act  of  vision*  To  the^e  itixxof 
not  merely  the  act  of  sensation  itself  and  the  perception  of  the  chi&gtl 
produced  in  the  retina,  as  light  and  colors,  but  also  the  conversioa  of  til 
mere  images  depicted  in  the  retina  into  ideas  of  an  extended  fidd  of 
vision,  of  proximity  and  distance,  of  the  form  and  size  of  objectB,  of  tb 
reciprocal  influence  of  different  parts  of  the  retina  upon  each  other,  tiw 
simul  tun  eons  act  ion  of  the  two  eyes,  and  some  other  phenomena. 

Field  of  Vision. — The  actual  size  of  the  field  of  vision  depend* on 
the  extent  of  the  retina,  for  only  so  many  images  can  be  seen  at 
time  jis  can  oconpy  the  retina  to  the  same  time;  and  thus  oonsi" 
the  retina,  the  conditions  of  which  are  perceived  by  the  brain,  is  itrf 
the  field  of  vision.  But  to  the  mind  of  the  individual  the  sije 
field  of  vision  has  no  determinate  limits;  sometimes  it  apjiears 
small,  at  another  time  very  large;  for  the  mind  has  the  power  of  p^ 
jecting  images  on  the  retina  toward  the  exterior.  Hence  the 
field  of  vision  is  very  small  when  the  sphere  of  the  action  of  the  m 
limited  to  impedimenta  near  the  eye:  on  the  contrary,  it  is  verycrt*' 
give  when  the  projection  of  the  images  on  the  retina  toward  the  e 
by  the  indoence  of  the  mind,  is  not  impeded.  It  is  very  small 
we  look  into  a  hollow  body  of  small  ctipacity  held  before  the  eyes; 
when  we  look  out  upon  the  landscape  through  a  small  opening;  mort 
tensive  when  we  look  at  the  landscape  throngh  a  window;  and  m(»yj 
when  our  view  is  not  confined  by  any  near  object.  In  all  these 
idea  which  we  receive  of  the  size  of  tlio  field  of  vision  is  very  diff< 
although  its  absolute  size  is  in  all  the  same,  being  dependent  oo  ti 
tent  of  the  retina.  Hence  it  follows,  that  the  mind  is  constantlT^ 
operating  in  the  acts  of  vision,  so  that  at  last  it  becomes  difficult  to«/ 
what  belongs  to  mere  sensation,  and  what  to  the  influence  of  the  iwB^ 
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'  a  mental  operation  of  this  kind,  we  obtain  a  correct  idea  of  the  size 
'  mdividual   objects,  aa  well  as  of  the  extent  of  the  field  of  virion* 
^c  illustrate  this^  it  will  be  well  to  refer  to  fig,  451. 

The  angle  x^  included  between  the  decassstiDg  central  rays  of  two 
^068  of  light  issuing  from  different  points  of  an  object,  is  called  the 


Fl^.  451. 

tical  angle — angulus  opticus  aeu  visorius.  This  angle  becomes  largert 
le  greater  the  distance  between  the  points  a  and  b  ;  and  since  the  angles 
and  y  are  equals  the  distance  between  the  points  a  and  b  in  the  image 
a  the  retina  increases  as  the  angle  becomes  larger.  Objects  at  different 
»tancea  from  the  eye,  bnt  having  the  same  optical  angle  x — for  exam- 
e,  the  objects,  Cj  d,  and  e, — ^must  also  throw  images  of  equal  size  upon 
m  retina;  and,  if  they  occupy  the  same  angle  of  the  field  of  vision, 
leir  image  must  occupy  the  same  spot  in  the  retina. 

Nevertheless,  these  images  appear  to  the  mind  to  be  of  very  unequal 
fee  when  the  ideas  of  distance  and  proximity  come  into  play;  for,  from 
IB  image  a  A,  the  mind  forma  the  conception  of  a  visual  space  extend- 
\g  to  e^  d^  or  <?,  and  of  an  object  of  the  size  which  that  represented  by 
10  image  on  the  retina  appears  to  have  when  viewed  close  to  the  eye,  or 
ider  the  most  usual  circumstances. 

Estimation  of  Size. — Our  estimate  of  the  size  of  various  objects  is 
Bed  partly  on  the  visual  augle  under  which  they  are  seen,  but  much 
are  on  the  estimate  we  form  of  their  distance.  Thus  a  lofty  mountain 
my  miles  off  may  be  seen  under  the  same  visual  angle  as  a  small  bill 
ftr  at  hand,  hut  we  infer  that  the  former  is  much  the  larger  object 
cause  we  know  it  is  much  further  off  than  the  hill.  Our  estimate  of 
riance  is  often  erroneous,  and  consequently  the  estimate  of  size  also. 
ms  persons  seen  walking  on  the  top  of  a  small  hill  againts  a  clear 
iligbt  sky  appear  unusually  large,  because  we  over-estimate  their  dis- 
hce,  and  for  similar  reasons  most  objects  in  a  fog  appear  immensely 
agniBed.  The  same  mental  process  gives  rise  to  the  idea  of  depth  in 
le  field  of  vision;  this  idea  being  fixed  in  our  mind  principally  by  the 
Pcumstance  that,  as  we  ourselves  move  forward,  different  images  in 
^cession  become  depictt^d  on  our  retina,  so  that  we  seem  to  pass 
^tween  these  images,  which  to  the  mind  is  the  same  thing  as  passing 
rtween  the  objects  themselves. 
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The  action  of  the  sense  of  vision  in  relation  to  external  objeefei 
therefore,  quite  different  from  that  of  the  sense  of  toaeh*  The  obji 
of  the  latter  sense  are  immediately  present  to  itj  and  our  own  bodj,in4 
which  they  come  in  contact,  is  the  measure  of  their  sixeu  The  pari  d 
a  table  touched  by  the  hand  appears  as  large  as  the  part  of  the  bind 
receiving  an  impression  from  it,  for  a  part  of  our  body  in  which  a«nft- 
tion  is  excited,  is  here  the  measure  by  which  we  judge  of  the  mapiwde 
of  the  object.  In  the  sense  of  vision,  on  the  contrary,  the  images  of  ob- 
jects are  mere  fractions  of  the  objects  themselves  realized  upon  the 
retina, the  extent  of  which  remains  constiintly  the  same.  But  the  inmgini- 
tion,  which  analyzes  the  sensations  of  vision,  invests  the  images  ot  dih 
jects,  together  with  the  whole  field  of  vision  in  the  retina,  with  vm 
varying  dimensions;  the  relative  size  of  the  image  in  proportion  totiw 
whole  field  of  vision,  or  of  the  affected  parts  of  the  retina  to  the  wbofe 
retina,  alone  remaining  unaltered. 

Estimation  of  Direction.— The  direction  in  which  an  object  ii 
teen,  depends  on  the  jmrt  of  the  retina  which  receives  the  image,  and  on 
the  distance  of  this  part  from,  and  its  relation  to,  the  central  point  of 
the  retina.  Thus,  objects  of  which  the  images  fall  upon  the  same  parti 
of  the  retina  lie  in  the  same  visual  direction;  and  when,  by  the  action 
of  the  mind,  the  images  or  affections  of  the  retina  are  proje€t**(i  intoth* 
exterior  world,  the  relation  of  the  images  to  each  other  renuLiMtfa* 
same. 

Estimation  of  Form.— The  estimation  of  the  form  of  bodicibT 
sight  is  the  result  partly  of  the  mere  sensation,  and  partly  of  theaKOci- 
ation  of  ideas.  Since  the  form  of  the  images  perceived  by  the  retim 
depends  wholly  on  the  outline  of  the  part  of  the  retina  affected,  iheeca- 
sation  alone  is  adequate  to  the  distinction  of  only  superficial  forms  of 
each  other,  as  of  a  square  from  a  circle.  But  the  idea  of  a  10U 
body  as  a  sphere,  or  a  body  of  three  or  more  dimensions,  e,g,^  a  cube, 
can  only  be  attained  by  the  action  of  the  mind  constructing  it  from  tk 
different  superficial  images  seen  in  different  positions  of  the  eye  mtk 
regard  to  the  object,  and,  as  shown  by  Wieatstone  and  illustrated  in  tin 
stereoscope^  from  two  different  perspective  projections  of  the  body  being 
present  simuibineously  to  the  mind  by  the  two  eyes.  Hence,  when, ifl 
adult  age,  sight  is  suddenly  restored  to  persons  blind  from  infaBcy,  *ll 
objects  in  the  tield  of  vision  appear  at  first  as  if  painted  flat  on  ow 
surface;  and  no  idea  of  solidity  is  formed  until  after  long  exercise  of 
the  sense  of  vision  combined  with  that  of  touch. 

The  ckarn4*ss  with  which  an  object  is  perceived  irrespective  of 
modation,  would  appear  to  depend  largely  on  the  number  of  rods 
cones  which  its  retinal  image  covers.     Hence  the  nearer  an  object  it 
the  eye   (within  moderate  Hinits)   the  more  clearly  are  all  its  di 
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MoreoYer,  if  we  want  carefully  to  examine  any  object,  we  always 
reet  the  eyes  straight  to  it,  so  that  its  image  sliall  fall  on  the  yellow 
t  where  an  image  of  a  given  area  will  cover  a  larger  number  of  cones 
anywhere  else  in  the  retina.  It  1ms  been  found  that  the  images  of 
'0  points  must  be  at  lemt  3/i  apart  on  the  yellow  spot  in  order  to  be 
stinguished  separately;  if  the  images  are  nearer  together,  the  points 
ipear  as  one.     The  diameter  of  each  cone  in  this  part  of  the  retina  is 

>ut  dfi. 

Estimation  of  Movement. — We  judge  ol  the  tnoimi  of  an  object, 
ttrtly  from  the  motion  of  its  image  over  the  Biirface  of  the  retina,  and 
jttrtly  from  the  motion  of  our  eyea  following  it.  If  the  image  upon  the 
rtina  moves  while  our  eyes  and  our  body  are  at  rest,  we  conclude  that 
le  object  is  changing  its  relative  position  witli  regard  to  ourselves.  In 
ich  a  case  the  movement  of  the  object  may  be  apparent  only,  as  when 
)e  are  standing  upon  a  body  which  is  in  motion,  such  as  a  ship.  If,  on 
le  other  hand,  the  image  does  not  move  with  regard  to  the  retina,  but 
imains  fixed  upon  the  same  spot  of  that  membrane,  while  our  eyes  fol- 
l/w  the  moving  body,  we  judge  of  the  motion  of  the  object  by  the  sensa- 
lon  of  the  muscles  in  action  to  move  the  eye.  If  the  image  moves  over 
le  enrface  of  the  retina  while  the  mnscles  of  the  eye  are  acting  at  the 
Une  time  in  a  manner  corresponding  to  this  motion,  as  in  reading,  we 

er  that  the  object  is  stationary,  and  we  know  that  we  are  merely 
itering  the  relations  of  onr  eyes  to  the  object.  Sometimes  the  object 
ipears  to  move  when  botli  object  and  eye  are  fixed,  as  in  vertigo* 

The  mind  can,  by  the  faculty  of  aiiention,  concentrate  its  activity 
re  or  less  exclusively  upon  the  sens©  of  sight,  hearing,  and  touch  alter- 
(tely.  WTien  exclusively  occupied  with  the  action  of  one  sense,  it  is 
RTcely  conscious  of  the  sensations  of  the  others.  The  mind,  when  deeply 
Binersed  in  contemplations  of  anotlier  nature,  is  indifferent  to  the  ac* 
mm  of  the  sense  of  siglit,  as  of  every  other  sense.  We  often,  when 
iep  in  thought,  have  our  eyes  open  nnd  fixed,  hut  see  nothing,  because 
!  the  stimulus  of  ordinary  light  being  unable  to  excite  the  brain  to 
Srception,  when  otherwise  engaged.  The  attention  which  is  thus 
isoessary  for  vision,  is  necessary  also  to  analyze  what  the  field  of  vision 
ireeents.  The  mind  does  not  perceive  all  the  objects  presented  by  the 
bid  of  vision  at  the  same  time  with  eqtial  acuteness,  but  directs  itself 
rst  to  one  and  then  to  another.  The  sensation  becomes  more  intense, 
Icording  as  the  particular  object  is  at  the  time  the  principal  object  of 
ttntal  contemplation.  Any  compound  mathematical  figure  produces  a 
Jferent  impression  according  as  the  attention  is  directed  exclusively  to 
le  or  the  other  part  of  it.  Thus  in  ^g,  542,  we  may  in  succession 
kVe  a  vivid  perception  of  the  whole,  or  of  distinct  parts  only;  of  the 

triangles  near  the  outer  circle,  of  the  hexagon  in  the  middle,  of  the 
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three  large  triangles.  The  more  numerotis  and  Taried  the  partBof  which 
a  figure  is  composed  the  more  scope  does  it  afford  for  the  play  of  tbi 
attention.     Hence  it  is  that  architectural  omamenta  haTe  an  enUTemaj 


Fig.  iAS, 


effect  on  the  8eB»e  of  Tision,  since  they  afford  constantly  freah  aubjed 
for  the  action  of  the  mind. 

Color  Sensations. — If  a  raj  of  sunlight  be  allowed  to  paa  throogk 
A  prism,  it  is  decomposed  by  its  passage  into  rays  of  different  colon, 
which  are  called  the  colors  of  the  spectrum ;  they  are  red,  orange,  ydlo'i 
^reen,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  outol 
their  course  by  the  prism,  and  the  violet  the  most,  while  the  other  colon 
occupy  in  order  places  between  these  two  extremes.  The  differences  ii 
the  color  of  the  rays  depend  upon  the  number  of  vibrations  produdni 
each,  the  red  rays  being  the  least  rapid  and  the  violet  the  meet  -B 
addition  to  the  colored  rays  of  the  spectrum,  there  are  others  which  la 
invisible,  but  which  have  definite  properties,  those  to  the  left  of  therri, 
and  less  refrangible,  being  the  calorific  rays  which  act  upon  the  tliP 
mometer,  and  those  to  the  right  of  the  violet,  which  are  called  the  actintl 
^r  chemical  rays,  which  have  a  i>owerful  chemical  action.  The  nj 
which  can  be  perceived  by  the  brain,  i.e.,  the  colored  rays,  must  i^m 
Jate  the  retina  in  some  special  manner  in  order  that  colored  vision  mij 
result,  and  two  chief  explanations  of  the  method  of  stimulation  h»n 
been  suggested. 

(1.)  The  one,  originated  by  Young  and  elaborated  by  Helmholtt,  boMl 
that  there  are  three  primary  colors,  viz.,  rerf,  green^  and  xnoUt^  and  thil 
in  the  retina  are  contained  rods  or  cones  which  answer  to  each  of  tbM 
primary  colors,  whereas  the  innumerable  intermediate  shades  of  color  m 
produced  by  stiuMilation  of  the  tlireo  primary  color  terminals  in  difewrf 
degrees,  the  sensation  of  white  being  produced  at  the  same  time  wbfli 
the  three  elements  are  equally  excited.  Thus  if  the  retina  be  stimolitei 
by  rays  of  certain  wave  length,  at  the  red  end  of  the  gpectmrot  tbi 
terminals  of  the  other  colors,  green  and  violet,  are  hardly  siimulated  »* 
all,  but  the  red  terminals  are  strongly  stimulated,  the  resulting  sen^tion 
being  red.  The  orange  rays  excite  the  red  terminals  considerably,  thr 
green  rather  more,  and  the  violet  slightly,  the  resulting  sensation  ^H 
that  of  orange,  and  so  on  {fig.  453)* 

(2/)  The  second  theory  of  color  (Hering's)  supposes  that  there  i 
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rimary  color  sensations,  of  three  pair  of  antagonistic  or  complemcntal 
Diors,  black  and  white,  red  and  green,  and  yellow  and  blue,  and  that 
leee  are  produced  by  the  changes  either  of  disintegration  or  of  assimu- 
fction  taking  place  in  certain  substances,  somewhat  it  may  be  supposed  of 
36  nature  of  the  visual  purple,  which  (the  theory  supposes  to)  exist  in 
3e  retina.  Each  of  the  substances  corresponding  to  a  pair  of  colors^ 
Biag  capable  of  undergoing  two  chauges,  one  of  construction  and  the 
Iher  of  disintegration,  with  the  result  of  producing  one  or  other  color. 
*or  instance,  in  the  white-black  substance,  when  disintegration  is  in 
Kcess  of  construction  or  assimilation,  the  sensation  is  white,  and  when 
similation  is  in  excess  of  disintegration  the  reverse  is  the  casej  and 
ailarly  with  the  red-green  substance,  and  with  the  yellow-bine  snb- 
ttce.     When  the  repair  and  disintegration  are  equal  with  the  first 


red. 


tlUJt^/ 


jam\ 


ira  -T'ii^^aiiTi  of  th*^  thni**  primary  enlor  RcnsatioiiR.     CYciimg  Helraholtz  theory  >    1,  U 

iDd  ft,  violet.  {triijiur>'  cohir  M^nnatiunH.     The  letUTin^  indicates  the  oolom  of 

'l»'  diai^min  hulicaks  by  the  height  tif  the  curvo  U>  what  extent  tlie  sevar^ 

^-*_.a.3«i..  ..a&  of  color  art*  exeiti'd  hy  vibratiuiiii  of  tUlIenent  wave  lengths. 

,  464.— niogram  of  the  voritJUH  Himplt*  ami  comiKHjHtl  <'oUirstif  Ugrht,  and  those  which  are 


otal  of  tsftch  other,  i,e.,  whit:h,  when  mixeti,  ji^roduee  a  neutrkl  Kray  tiut.    The  Uir**e 

'^r^,  r«d,  yeUow,  and  blue,  are  j>liicetl  at  the  lui^rles  of  aii  **qiiilaterai  triaugl*^,  whieh 

togetht^r  by  meiuiti  of  a  cireJe;  the  uiiaced  colors,  i^n!?eii,  oranipe,  and  viulet,  itre 


tiediate   bctwe*^n   the  eorrespondiiiitr  simple  or  hotiiti>^ixeouti  eolurs;  iitid  Ihtt  com- 

4urs,  of  which  th*?  pii^metitj^,  when  inixi^l,  would  coiistitut*i  a  ^ay,  antl  of  which  the 

u&Lic  si>ectra  would  t(»pt^ther  prcMluce  a  whit*;  lijjrht^  will  Ij*?  f^mnd  i«  b«?  jvlaced  In  em:h  case 

Bite  t«  «»ach  oth4»r,  but  coanH-'ted  |jy  a  Hue  paNHia^  throiiirh  the  ceotre  of  the  circle.     Tlie  fle- 

is  also  iis*^ftd  in   showing  the  further  ebade.i$  or  colnr  which  are  complementary  of  eacli 

r.     If  the  eini'le  be  suppoted  to  contain  every  tranititlon  of  color  between  tlie  six  marked 

Q,  thoAe  which,  when  united^  yield  a  white  or  jtray  color,  will  always  tm  found  directly  op- 

^|e  to  each  oUier;  thus,  for  example^  the  Interuietllnt'e  tint  betw^n  orange  oiid  red  is  com- 

"  1  of  the  middle  tmt  betweeti  gn?peD  and  bliit?H 

^bstance,  the  visual  flenmition  is  gray;  bnt  in  the  other  pairs  when  thia 

tthe  case,  no  sensation  occurs.     The  rays  of  the  s23ectroin  to  the  left 

luce  changes  in  the  red -green  substance  only,  with  a  resulting  sensa- 

p{  red,  while  the  (orange)  rays  further  to  the  right  affect  both  the 

reen  and  the  yellow-bine  substances;  blue  rays  caosc  constructive 

langes  in  the  yellow -blue  substances  but  none  in  the  red -green  and  so 

These  changes  produced  in  the  visual  substances  in  the  retina  are 

rceived  by  the  brain  as  sensations  of  color. 

The  spectra  left  by  the  images  of  white  or  luminous  objects  are 

1  i n ari  1  y  wb i te  or  lu m i n ou s ;  those  left  by  dark  objects  are  dark.     Some- 

nes,  however,  the  relation  of  the  light  and  dark  parts  in  the  image 
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may,  under  certain  circumstances,  be  reTersed  in  the  Bpectriun;  ik 
wa£  bright  muy  be  diirk»  and  wlmt  was  dark  may  Appear  liglit.  This 
occurs  whenever  the  eye,  which  is  the  seat  of  the  spectrum  of  a  luminoM 
object,  is  not  closed,  but  fixed  upon  another  bright  or  white  siirfiire,» 
a  white  wall,  or  a  sheet  of  wbite  paper.  Hence  the  gpectruin  of  thi^btm, 
which,  while  light  is  excluded  from  the  eye,  is  lummous,  appears  \kk 
or  gray  when  the  eye  is  directed  upon  a  white  surface.  The  eiplsuwliaa 
of  this  is,  that  the  part  of  the  retina  which  has  received  the*  lumifloos 
image  remains  for  a  certain  period  iLfterward  in  an  exhausted  or  lei 
sensitive  state,  while  that  which  has  received  a  dark  image  u  m  ih 
unexhausted,  and  therefore  much  more  excitable  condition. 

The  ocular  spectra  which  remain  after  the  irapression  of  colored oV 
jects  upon  the  retina  are  always  colored;  and  their  color  is  not  tliitol 
the  object,  or  of  the  image  produced  directly  by  the  object,  bat  tiaeoppo- 
site,  or  complemenial  color.  The  spectrum  of  a  red  object  is,  thenefofi, 
green;  that  of  a  green  object,  red;  that  of  violet,  yellow;  thatof  yelK 
violet,  and  so  on.  The  reason  of  this  is  obvious.  The  part  of  ^ 
retina  which  receives,  say,  a  red  image,  is  wearied  by  that 
color,  but  remains  sensitive  to  the  other  rays  which  with  red  mi 
white  light;  and,  tliorefore,  these  by  themselves  reflected  from  atEte 
object  produce  a  green  hue.  If,  on  the  other  hand,  the  iSrgt  objaet 
looked  at  be  ^^reen,  the  retina  l>eing  tired  of  green  rays,  receives  u  »i 
image  when  the  eye  is  turned  to  a  white  object.  And  so  with  theotiwr 
colors;  the  retina  while  fatigued  by  yellow  rays  wiU  suppose  an  object t» 
be  violet,  and  tire  versa;  the  size  and  shape  of  the  spectrum  correspond 
ing  with  the  size  and  sh'd\m  of  the  original  object  looked  at.  Theookri 
which  thus  reciprocally  excite  each  other  in  the  retina  are  those  pIsc*! 
at  opposite  points  of  the  circle  in  fig,  454.  The  peripheral  parts  of  tl» 
retina  do  not  react  to  rays  of  rcfL  The  area  of  the  rotiim  which  u 
capable  of  receiving  impressions  of  color,  and  therefore  the  6fM 
vision,  is  slightly  different  for  each  colon 

Color  Blindness  or  /?a//Cf;n>m.— Daltonism  or  color-blindneas  ii 
no  means  uncommon  visual  defect.  One  of  the  commonest  forms 
inability  to  distinguish  between  red  and  green.  The  simplest 
tion  of  such  a  condition  is,  that  the  elenients  of  the  retina  which  rert^** 
the  impression  of  red,  etc.,  are  absent,  or  very  imperfectly  develope<i. ''f' 
according  to  the  other  theory,  that  the  red*green  substam^  i»  ^^ 
from  the  retina.  Other  varieties  of  color  blindness  in  which  thf  o"*^ 
color-perceiving  elements  are  absent  have  been  shown  to  exist  occasiwj^ 

The  Eeciprooal  Actiok  of  DiFFEEEirr  Parts  op  the  Rehxa- 

Although  each  elementary  part  of  the  retina  represents  ; 
portion  of  the  field  of  vision,  yet  the  different  elementary  partb,  -  - 
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points  of  that  menibraBe,  have  a  certain  influence  on  each  other; 
particular  condition  of  one  influencing  the  other,  so  that  the  image 
iiTed  by  one  part  is  modifled  by  the  iniage  depicted  in  the  other, 
phenomena  which  result  from  this  relation  between  the  different 
I  of  the  retina,  may  be  arranged  in  two  classes:  the  one  including 

>  where  the  condition  existing  in  the  greater  extent  of  the  retina  is 
krted  to  the  remainder  of  that  membrane;  the  other,  consieting  of 
I  in  which  the  condition  of  the  larger  portion  of  the  retina  excites, 
la  less  extensive  portion,  the  opposite  condition. 

.  When  two  opposite  impressions  occur  in  contiguons  parts  of  an 
;e  on  the  retina,  the  one  impression  is,  under  certain  circumstances, 
ified  by  the  other.  If  the  impressions  occupy  each  one-half  of  the 
;6,  this  does  not  take  place;  for  in  that  case,  their  actions  are  equally 
iced.  But  if  one  of  the  impressions  occupies  only  a  small  part  of 
^tina,  and  the  other  the  greater  part  of  its  surface,  the  latter  may, 
ng  continued,  extend  its  influence  over  the  whole  retina,  so  that 
opposite  less  extensive  impression  is  no  longer  perceived,  and  its 

>  becomes  occupied  by  the  same  sensation  as  the  rest  of  the  field  of 
n.  Thus,  if  we  fix  the  eye  for  some  time  upon  a  strip  of  colored 
r  lying  upon  a  white  surface,  the  image  of  the  colored  object,  espe- 
y  when  it  falls  on  the  lateral  parts  of  the  retina  will  gradually  dis- 
ar,  and  the  white  surface  be  seen  in  its  phice. 

.  lu  the  second  class  of  phenomena,  the  affection  of  one  part  of  the 
ia  influences  that  of  another  part,  not  in  such  a  manner  as  to  ob- 
ftte  it,  but  i?o  as  to  causo  it  to  become  the  contrast  or  opposite  of 
!.  Thus  a  gray  spot  upon  a  white  ground  appears  darker  than  the 
I  tint  of  gray  i^rould  do  if  it  alone  occupied  the  whole  field  of  vision, 
ifhadow  is  always  rendered  deeper  when  the  light  which  gives  rise  to 
Bteies  more  intense,  owing  to  the  greater  contrast, 
^e  former  phenomena  ensue  gradually,  and  only  after  the  images 
been  long  fixed  on  the  retina;  the  latter  are  instantaneous  in  their 
net  ion,  and  are  permanent. 

ti  the  same  way,  also,  colors  may  bo  produced  by  contrast.  Thus,  a 
small  dull  gray  strip  of  paper,  lying  upon  an  extensive  surface  of 
bright  color,  does  not  appear  gray,  but  has  a  faint  tint  of  the  color 
h  !8  the  complement  of  that  of  the  surrounding  surface.  A  strip 
ray  paper  upon  a  green  field,  for  example,  often  appears  to  have 
t  of  red,  and  when  lying  upon  a  red  surface,  a  greenish  tint;  it  has 
•range-colored  tint  upon  a  bright  blue  surface,  and  a  bluish  tinfc 
I  an  orange-colored  surface;  a  yellowish  color  upon  a  bright  violet^ 
i  violet  tint  upon  a  bright  yellow  surface.  The  color  excited  thus,  as 
Itrast  to  the  exciting  color,  being  wholly  independent  of  any  rays  of 
orresponding  color  acting  from  without  upon  the  retina,  must  arise  aa 
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an  op pusUe  or  antagonistic  condition  of  that  membrane;  and  the opprali 
conditiona  of  which  the  retiuu  thus  becomes  the  enbject  would  seem  to 
balance  each  other  by  their  reciprocal  reaction.  A  necesear?  c<iDditi(iii 
lor  the  production  of  the  contrasted  colors  is,  that  the  part  ofthefptioi 
in  which  the  new  color  is  to  be  excited,  shall  be  in  a  state  of  oom{iantiw 
repose;  hence  the  small  object  itself  must  be  gray.  A  second  conditicn 
is,  that  the  color  of  the  surrounding  surface  shall  be  very  bright,  tiiat is, 
shall  contain  much  white  light 

Binocular  Visioj?^. 

Although  the  sense  of  sight  is  exercised  by  the  two  eyes,  yet  theioh 
pression  of  an  object  conveyed  to  the  mind  is  single.  Various  thwMi 
have  been  advanced  to  account  for  this  phenomenon. 

By  Gall  it  was  supposed  that  we  do  not  really  employ  both  ejtf  fr 
multaneausly  iu  vision,  but  always  see  with  only  one  at  a  lime.  Tkil 
especial  employment  of  one  eye  in  vision  certainly  occurs  in  perewi 
whose  eyes  are  of  very  unequal  focal  distance,  but  in  the  majoritrol 
individuals  both  eyes  are  simultaneously  in  action,  in  the  perception  rf 
the  same  object;  this  is  shown  by  the  double  images  seen  under  ceruia 
condititms.  If  two  fingers  be  held  np  before  the  eyes,  one  iu  f rout  ol 
the  other,  and  vision  be  directed  to  the  more  distant,  so  that  it  is  fif«» 
singly,  the  nearer  will  appear  double;  while,  if  the  nearer  one  1* 
regarded,  the  most  distant  will  be  seen  double;  and  one  of  tbetKnibk 
images  in  each  case  will  be  found  to  l>elong  to  one  eye,  the  other  to  tbi 
other  eye. 

Diplopia* — Single  vision  results  only  when  certain  part^  of  tbetio 
retime  are  affected  simultaneously;  if  difforeut  parts  of  the  retioff  »- 
ceive  the  image  of  the  object,  it  is  seen  double.  This  may  he  reidilf 
illustrated  as  follows :^ — tlie  eyes  are  tixed  upon  some  near  object,  and <^ 
of  them  is  pressed  by  the  thumb  so  as  to  be  turned  slightly  in  or  ont;  w 
images  of  the  object  (Diplopia)  are  at  once  perceived,  just  as  Is  frequentlj 
the  case  in  persona  who  squint.  This  diplopia  is  due  to  the  fact  tiiat  thi 
images  of  the  object  do  not  fall  on  corresponding  points  in  the  fo 
retinsB. 

The  parts  of  the  retinfe  in  the  two  eyes  which  thus  corn 
each  other  in  t!ie  property  of  refcrriug  the  imager  which  affi  - 
gimultaneously  to  the  sam.  spo    in  the  field  of  vision,  are,  in  mu,}^ 
those  parts  which  would  correspond  to  each  other,  if  one  retiuawtf* 
placed  exactly  in  front  of,  and  over  the  other  (as  in  fig.  4551.  Tiios. 
as  we  have  noticed   in  speaking  of  the  distribution  of  the  optie  fl^^^ 
fibres,  the  temporal  portion  of  one  eye  corresponds  to,  or,  to  use 
term,  is  identical  with  the  nasal  portion  of  the  other  eye;  or  a 
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Jre  A  (fig.  455),  with  a  of  the  eye  b.  The  tipper  part  of  one  retina  is 
bo  identical  with  the  upper  part  of  the  otlierj  and  the  lower  parts  of 
le  two  eyes  iire  identical  with  each  other.  The  distribution  of  the  optic 
ferre-fibreB  correspond  with  their  distribution.  The  identical  points  on 
le  upper  and  lower  parts  of  the  retinae  may  also  lie  shown  by  the  fol- 
pwing  simple  experiment 

Preaaure  upon  any  part  of  the  ball  of  the  eye,  so  as  to  affect  the  retina, 

bdtioes  a  luminous  circle,  seen  at  the  opposite  sttlo  of  the  field  of  vision 

that  on  which  the  pressure  is  made.     If,  now,  in  a  dark  room,  we 

TesR  with  the  finger  at  the  upper  part  of  one  eye»  and  at  the  lower  part 

the  other,  two  luminous  circles  are  seen,  one  above   the  other;  so, 

,  two  figures  are  seen  wdien  pressure  is  made  simultaneously  on  the 
o  outer  or  the  two  inner  sides  of  both  eyes.     It  is  certain,  therefore, 

t  neither  the  upper  part  of  one  retina  and  the  lower  part  of  the  other 
identical,  nor  the  outer  lateral  parts  of  the  two  retime,  nor  their 

er  lateral  portions.     But  if  pressure  be  made  with  the  fingers    upon 


Wig>  455.— Diagram  to  show  the  corresponding  parta  of  boUi  retina. 

ih  eyes  simultaneously  at  their  lower  part,  one  luminone  ring  is  seen 
the  middle  of  the  upper  part  of  the  field  of  vision;  if  the  pressure  be 
?plied  to  the  upper  part  of  both  eyes  a  single  liinJinous  circle  is  seen  in 
ie  middle  of  the  field  of  \i8ion  below.  So,  also,  if  we  press  upon  the 
fcter  side  a  of  the  eye  a,  and  upon  the  inner  side  a  of  the  eye  B,  a 
togle  spectrum  is  produced,  and  is  apparent  at  the  extreme  right  of  the 
rid  of  vision;  if  upon  the  point  i>  of  one  eye,  and  the  point  b'  of  the 
«ier,  a  single  spectrum  is  seen  to  the  extreme  left. 

The  spheres  of  the  two  retinae  may,  therefore,  be  regarded  as  lying 

*«  over  the  other,  as  in  c,  fig*  455;  so  that  the  left  portion  of  one  eye  lies 

T  the  identical  left  portion  of  the  other  eye,  the  right  portion  of  one 

'^   over  the  identical  right  portion  of  the  other  eye;  and  with  the 

per  and  lower  portions  of  the  two  eyes,  a  lies  over  a\  b  over  &*,  and  c 

'f  c\     The  points  of  the  one  retina  intermediate  between  a  and  c  are 

n  identical  with  the  corresponding  points  of  the  other  retina  between 

and  c\:  tliose  between  b  and  r  of  the  one  retina,  with  those  between  V 

d   c'  of  the  other.     If  the  axes  of  the  eyes,  A  and  B  {fig.  45(i)*  ^^^  so 

&cted  that  they  meet  at  fr,  an  object  at  a  will  be  seen  singly,  for  the 


point  a  of  tli©  one  retiDEt  and  a  of  the  other  a 
th^  objeet  ^  be  80  gitnatad  that  its  itoage  falls 
di<^tauce  from  the  central  point  of  the  retina,— 
eye,  and  at  ^'  in  the  other, — ^  will  be  seen  sinj 
parte  of  the  two  retimie.     The  same  will  apply 
In  qnadnipedB^  thu  relation  between  the  id 
parts  of  the  retina  cannot  be  the  @ame  ibs  in  nu 
eye»  geneFally  diverge,  and  can  never  he  made 
an  object*     When  such  an  animal  regards  an  q 
front  of  it,  the  image  of  the  object  must  fall,  ! 
portion  of  the  retinae.     Thus  the  image  of  the 
at  a  in  one,  and  at  a'  tn  the  other:  and  these 
identical.     So^  also,  for  distinct  and  single  yisi 


F\ft   lAH.— Ditt^om  to  show  the  «Lttiiiltaii«oui  action  of  the 
Fig.  4riT,— DlAgram  to  whow  the  oorreaxK>iiinDK  partB  of  the 

points  b'  and  h'  or  c'  £?',  in  the  two  retinie,  on  ' 
objoete  fall,  must  be  identical.  All  points  ol 
which  receive  rays  of  light  from  lateral  objects 
Bponding  identical  poinU  in  the  retina  of  the 
two  objects,  one  situated  to  the  right  and  the 
appear  to  lie  in  the  same  spot  of  the  field  o 
therefore,  that  there  are  in  the  eyes  of  anin 
which  are  identical,  and  parts  which  are  not  ic 
which  have  no  corresponding  parta  in  the  othei 
of  the  two  retinse  to  each  other  in  the  field  of  ^ 
as  in  fig.  458. 

The  cause  of  the  impreasions  on  the  identica 
giving  rise  to  but  one  sensation,  and  the  perc 
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ither  lie  in  the  structaral  organization  of  the  deeper  or  cere- 
rtion  of  the  visual  apparatus,  or  be  the  result  of  a  mental  opera- 
)r  in  no  other  case  is  it  the  property  of  the  corresponding  nervea 
;wo  sides  of  the  body  to  refer  their  sensations  as  one  to  one  spot. 


Fig.  458. 

ly  attempts  have  been  made  to  explain  this  remarkable  relation 
I  the  eyes,  by  referring  it  to  anatomical  relation  between  the 
dryes.  The  circumstance  of  the  inner  portion  of  the  fibres  of  the 
ic  nerves  decussating  at  the  commissure,  and  passing  to  the  eye 
opposite  side,  while  the  outer  portion  of  the  fibres  continue  their 
k>  the  eye  of  the  same  side,  so  that  the  left  side  of  both  retinsB  is 
from  one  root  of  the  nerves,  and  the  right  side  of  both  retinas 
e  outer  root,  naturally  led  to  an  attempt  to  explain  the  phenomenon 
distribution  of  the  fibres  of  the  nerves.  And  this  explanation  is 
by  cases  in  which  the  entire  of  one  side  of  the  retina,  as  far  as 
itral  point  in  both  eyes,  sometimes  becomes  insensible.  But 
has  endeavored  to  show  the  inadequateness  of  this  theory  to  ex- 
le  phenomenon,  unless  it  be  supposed  that  each  fibre  in  each  cere- 
rtion  of  the  optic  nerves  divides  in  the  optic  commissure  into  two 

ABC 


-Diagrams  to  iUustrate  three  theories  to  explain  the  action  of  symmetrical  parti>  of 
the  retina. 

)8  for  the  identical  points  of  the  two  retinae,  as  is  shown  in  a, 
.  But  there  is  no  foundation  for  such  supposition, 
mother  theory  it  is  assumed  that  each  optic  nerve  contains  exactly 
le  number  of  fibres  as  the  other,  and  that  the  corresponding  fibres 
wo  nerves  are  united  in  the  sensorium  (as  in  fig.  459,  b).  But 
theory  no  account  is  taken  of  the  partial  decussation  of  the  fibres 
lerves  in  the  optic  commissure. 
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According  to  a  third  theory,  the  fibres  a  and  a\  fig.  459^  c,  oomiag 
from  identical  points  of  the  two  retinae,  are  in  the  optic  oommisim 
brouglit  into  one  optic  nerve,  and  in  the  brain  either  are  united  byt 
loop^  or  spring  from  the  same  point.  The  same  disposition  preriiilfin 
the  cado  of  the  identical  fibres  b  and  b'.  According  to  this  tbeorj,  the 
left  half  of  each  retina  would  be  represented  in  the  left  hemisphen*  of 
the  brain,  and  the  right  half  of  each  retina  in  the  right  hemisphere. 

Another  explanation  is  founded  on  the  fact,  that  at  the  anterior  put 
of  the  commissure  of  the  optic  nerve,  certain  fibres  pass  across  fromth* 
distal  portion  of  one  nerve  to  the  corresponding  portion  of  the  otEer 
nerves,  as  if  they  were  commissHral  fibres  forming  a  connection  betweea 
the  retinm  of  the  two  eyes.  It  is  supposed,  indeed,  that  these  fibres  mj 
connect  the  corresponding  parts  of  the  two  retinie,  and  may  thus  eipliin 
their  unity  of  action;  in  the  same  way  that  corresponding  parts  of  tbf 
cerebral  hemispheres  are  believed  to  be  connected  together  by  the  com- 
missural fibres  of  the  corpus  callosum,  and  so  enabled  to  exercise  unitjcf 
function. 

Judgement  of  Solidity. — On  the  whole,  it  is  probable,  that  the  power 
of  forming  a  single  idea  of  an  object  from  a  double  impression  conveyed 


I 
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Tig.  400.— nimgnunA  to  Ulu»trat4>  how  «  Judgment  of  a  Qgure  of  three  dfraensloai  It 

by  it  to  the  eyes  is  the  result  of  a  mental  act.  This  view  is  support^ 
by  the  same  facts  as  those  employed  by  \Fheatstone  to  show  that  ihii 
power  is  subservient  to  the  purpose  of  obtaining  a  right  perceptioo  d 
bodies  raised  in  relief.  When  an  object  is  placed  so  near  the  eyes  tb»t 
to  view  it  the  optic  axes  must  converge,  a  different  perspective  projfC- 
tion  of  it  is  seen  by  each  eye,  these  perspectives  being  more  dissimikr  i* 
the  convergence  of  the  optic  axes  becomes  greater.  Thus,  if  any  figow 
of  three  dimensions,  an  outline  cube,  for  example,  be  held  at  a  moderate 
distance  before  the  eyes,  and  viewed  with  each  eye  successively  while  the 
head  is  kept  perfectly  steady,  A  (fig.  460)  will  be  the  picture  preaentc<i 
to  the  right  eye,  and  B  that  seen  by  the  left  eye,  Wheatstone  has  shown 
that  on  this  circumstance  depends  in  a  great  measure  our  conviction 
of  the  solidity  of  an  object,  or  of  its  projection  in  relief.  If  diffiereDt 
perspective  drawings  of  a  solid  body,  one  representing  the  image  seenbr 
the  right  eye,  the  other  that  seen  by  the  left  (for  example,  the  drawing 
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'a  cube,  A,  B,  fig*  460)  be  presented  to  corresponding  parts  of  the  two 
iiue,  as  may  be  readily  done  by  means  of  t!ie  stereoscope,  the  Biiud 
11  perceive  not  merely  a  single  representation  of  the  object,  but  a  body 
lOjecticg  in  relief,  the  exact  counterpart  of  that  from  wliich  tlie  draw- 
gs  were  made. 

'  By  transposing  two  stereoscopic  pictures  a  reverse  effect  is  produced; 
e  elevated  parts  appear  to  be  depressed,  and  vicii  versd.  An  instru- 
iBnt  contrived  with  thi^s  purpose  is  termed  d*  pseudoscope.  Viewed  with 
lis  instrument  a  bust  appears  as  a  hollow  mask,  and  as  may  readily  be 
I  Iftgined  the  effect  is  most  bewildering, 

,  There  can  be  no  doubt  in  order  that  the  image  of  an  object  should  fall 

^^bor responding  points  in  the  two  retina?,  it  is  essential  that  the  move- 

^Rs  of  the  eyes  should  be  accurately  co-ordinated,  and  the  method  of 

1  Sb  co-ordination  is  not  so  easily  understood  when  examined  carefully, 

ins,  suppose  the  eyes  be  directed  downward  and  to  theleft*     On  the  left 

e,  the  inferior  rectus,  the  external  rectus,   and  the  superior  oblique 

©Id  contract,  and,  on  the  right  side  the  inferior  rectus,  internal  rectus, 

I  d  saperior  oblique.     In    other  words,  a  different  set  of  muscles  on 

I  her  side,  and  supplied  to  a  certain  extent  by  different  nerves.     There 

I  I8t  be  some  co-ordinating  centre  for  these  binocular  movements.     It  is 

^ugbt  that  this  centre  is  localised  in  the  anterior  corpus  quadrigemi- 

I  D3,  since  stimulation  of  it  causes  conjugal  lateral  movement  of  the  visual 

SS  to  the  opposite  side,  and  stimulation  at  another  spot  produces  move- 

:  Hts  downward  and  inward.     The  posterior  longitudinal  bundle  of  fibres 

I  (eribed  as  found  in  the  pons  and  crns,  appears  to  be  concerned  in  some 

I  J  with  the  simultaneous  movement  of  the  eyes;  it  appears  to  unite  the 

lei  of  the  three  nerves  to  the  ocular  muscles,  the  sixth,  fourth,  and 

In  it  are  said  to  be  contained  fibres  from  the  sixth  nerve  of  tha 

site  side  which  go  to  the  nyelcusof  the  third  nerve  of  thesiime  side; 

this  would  serve  to  connect  the  nerve  supply  of  the  internal  rectua 

ae  side,  and  the  external  rectus  of  the  other  side.     It  appears,  how* 

that  there  is  no  evidence  to  assume  that  the  fibres  of  the  sixth 

ve  decussate,  but  those  of  the  fourth  nerve  do  entirely,  and  those  of 

I  third,  partially. 


CHAPTER  XYITL 

THE    REPRODUCTIVE    ORGANS. 

Before  describing  the  method  of  Reprodnctioiif  or  ihe  way  vhici  tb 
species  is  propagated,  it  will  be  advisable  to  describe 

The  Genital  Oboaxs  op  the  Female. 

The  female  organs  of  generation  (fig*  461)  coi^sist  of  two  omfifiij 
function  of  which  is  the  formation  of  ovtt:  of  a  Falktpian  tu^  i 
oviduct^  connected  with  each  ovary,  for  the  purpose  of  oonductiogl 
ovum  from  the  ovary  to  the  uierus  iu  the  cavity  of  wbich^  if  imp 
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Fi^.  40L— DlnKTammatic  riipw  of  the  ut4*ruB  mnJ  iis  ttppetida;::  * 
ul*'niH  ttiiJ  up|>er  |wirt  i>f  tli*»  vak'ltiA  1iav«*  Imhhx  laid  rii>eTii  by  r>' 
KallopiAn  U\\n-,  rouml  liLMim^nt,  ftiu1  ovAriaii  ligament  havt»  \y^^\ 
mettt  removtMi  on  the  k»ft  stJe:  u,  Iht^  »ipp»*r  part  of  the  litems;  .  . 

t<?rnum;  the  triangular  NhuT>e  of  tht*  ut*»rliie  cavity  Ih  shown,  imri  tj»»*  ^lilatiiition  nf  tb*  1 
cftvltv  with  the  niffa?  tiTiooJ  ftrbor  vitie;  r,  upix*r  p&rt  of  the  vAt:!nA:  mJ,  Falloptial 
.iii,ii.-.r^  f\^^,  narn^w  efimnuiiiicjittoii  of  it«  eavlry  with  that  of  tlin  comu  of  Lbe  uteruifi 

ri;  ^,  round  IfjtranH'nt;  k\  ll>j"mm-nt  of  ih**  ovary;  o,  ovary;  «\  wide  omlef  pij' ^ 
!ii»j>iiin  tulx*;  .n,  it8  tlmbriat>'<1  extrfioity ;  ijo,  parovarltun:  K.  oo«  of  ihel^rWWi' 
V,..  ...T  u>ua(l  ij^Duectetl  wHJa  the  broad  llgrnuienL    \%.    <. Allen  Thouisoit) 

Bated,  it  is  retained  until  the  embryo  is  fully  developed,  and  fitted  I 
maintain  its  existence   independently  of  internal  conuectiou  irith  wj 
parent;  and,  histly,  of  a  canal,  ov  vagina^  with  its  appendages,  l<jr t 
reception  of  a  male  organ  in  the  act  of  copulation,  and  fur  thesnNeqn' 
discharge  of  the  fa?tu8. 

The  Ovaries, — ^The  ovaries  are  two  oval  compressed  bodif?6^fliti 
in  the  cavity  of  the  pelvis,  one  on  each  side,  and  are  adherent  to* 
posterior  surface  of  the  broad  ligament  by  their  anterior  bonier. 
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der  of  the  ovary  is  called  tlie  hilum,  and  it  is  at  thijs  point  that  the 
d-vessels  and  nerves  enter  it.  Each  ovary  measures  about  an  inch 
a  half  in  length  (3,75  cql),  three  quarters  of  an  inch  in  >iidth 
M  cm*),  and  nearly  half  an  inch  (lrZ5  cm.)  in  thickness,  and  10 
►tached  to  the  uterus  hy  a  narrow  fibrous  cord  {the  ligament  of  the 
rwy),  and,  more  eUghtly,  to  the  FaUopian  tubes,  by  one  of  the  fimbriae 
[to  which  the  walls  of  the  extremity  of  the  tube  expand. 
Struciure.-^A  layer  of  condensed  counective  tiasne,  called  the  tunica 
HjriiMa,  surrounda  the  ovary,  and  this  ia  covered  on  the  outside  by  epi- 
riium  (germ -epithelium),  the  cells  of  which  although  continuous  with. 


9 


^  ,^  .  ,— TIew  of  a  section  of  th**  nrary  of  th^  cut,  1,  miter  covering  and  free  border  of 
oral?";  r.  attachwJ  border;  2,  thi*  ovarian*  strouia.  presentio^  a  fl,brous  and  vascular  struct- 
:  %,  grauular  BulMranee  lying  e^ctt-rual  to  the  flijnms  strfjrna;  4.  blood -vesBels;  5,  ovij^ermA  lit 
Vt  earUest  staj^e^i  occupyioif  a  port  of  the  i^mnnlar  layer  ne^ir  th«  surface ;  fl,  ovigemii  which 
begun  to  etibu-fi^  aad  to  paaa  more  deeply  iiUo  the  ovary:  7,  ovi^nna  rounil  wliieh  the 
Oan  foUicle  and  tunica  fn'aouloaa  are  now  foriTUMl^  atul  wblch  have  imieed  sottieiivhat  il^epet 
ti>e  fjrary  and  m^  aurroundwl  by  the  fibrous  Ktrouui;  8,  more  a*lvRue«*d  Graaflan  foUlcle 
jpt  the  ovum  itnhe<lded  in  the  layer  of  cells  const Itutinj;;:  the  proUgrerous  disc:  9,  tlie  most  ad. 
leed  foUicle  e&n talking  the  ovimi,  et^^, ;  S^\  a  follicle  from  which  Uie  omm  iiaa  accidentaU^F 
" ;  10,  corpus  luteuuL     x  6.     (Schran. ) 


I  originally  derived  from,  the  squamous  epithelium  of  the  peritonea m^ 

short  columnar  (A,  fig.  463), 

The  internal  structure  of  the  organ  consists  of  a  peculiar  soft  fihroufl 
lue — a   kind   of   undeveloped    connective    tissue,    with  long    noelei 

ly  resembling  uustriped  muscle  (C,  fig. 463 )^or  stroma.,  abundantly 
(plied  with  blood-vessels,  and  having  embedded  in  it, in  various  stages 
development,  numerous  minute  follicles  or  vesicles,  the  Graafian 
ilicies,  or  sacculi,  containing  the  ova  (fig,  4B3). 

If  the  ovary  be  examined  at  any  period  between  early  infancy  and 
fanced  age,  but  especially  during  that  period  of  life  in  which  the 
per  of  conception  exists,  it  will  be  found  to  contain  a  number  of 
vesicles.     Immediately  after  the  tunica  albuginea  (fig.  463)  they 

small  and  numerous,  either  arranged  as  a  continuous  layer,  as  in  the 

or  rabbit,  or  in  groups,  as  u\  the  human  ovary.     These  small  follicles 
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emlK?d(led   in  the  soft  stroma  of  fine  connective  tissue  aod  miitri^l 
muscle  form  here  the  cortical  layer;  they  are  sometimes  called  oniwi. 

Each  of  the  small  follicles  of  this  layer  has  an  external  memlj 
envelope,  or  mmnbraua  j^rapria.     This  envelope  or  tunic  islmedwitbi 


'^> 


vV^7  -*  -  ~^ 


•  -;^,j^^'^'5-^^  *,-.i::i^ia 


Ftg.  Iffll— ^Seotlni}  of  tb#»  ovarr  of  A  c«t»    A,  g«rBilii«]  epithelium;  B,  « — ^^ 

follicle;  C,  stroma  of  ovary-  D,  Wtelline  memtyrmiie  contfkining*  the  oTuin;  E,  QnaHaa  fmm 
•bowing  llnldg  cells;  F,  follicle  tr^m  which  the  OTum  h»  f*lle»  out.    CV,  D,  HmiIs.) 

layer  of  nucleated  cells,  forming  a  kind  of  epithelium  or  internal  tunic* 
and  named  the  membra na  granulosa.  The  cavity  of  the  follicle  isfilW 
up  by  a  nucleated  mujss  of  protoplasm  inclosed  in  a  very  delicate  mem- 
brane, wliieh  is  the  OTum.  The  large  spherical  nucleus  contains  cot 
or  more  nucleoli.  The  nucleus  is  known  as  the ^^rmina/  vetifihtsi} 
the  nucleolus  as  the  germinal  spot. 

The  central  portion  of  the  stroma  of  the  ovary  extends  from  the  cor- 
tical layer  to  the  hilum  of  the  organ,  at  which  enter  the  numeioai 
arteries,  fibrous  tissue,  and  iinstriped  muscle,  forming  a  highly  raecnlif 
zona  vasculosa.  Within  this  central  zone  are  contained  the  fullr-detel- 
oped  Gnuifian  follicles,  varying  in  size  however,  but  considerably  laffff 
than  those  of  the  cortical  layer.  In  these  follicles  the  cavity  is  flol 
nearly  filled  by  the  o\^!n,  wliich  is  attached  at  one  side  to  the  iom 
granulosa  by  a  collection  of  small  cells,  the  discuB  proligeruf,  tl» 
remainder  of  the  cavity  being  filled  with  fiuid,  the  liquor  folUcuVu  The 
envelope  of  the  ovum,  or  zena peUttdila^  is  much  thicker.  The*-o»fl 
grauuiosa  is  formed  of  several  layers  of  cells,  inst-ead  of  one  only  It* 
membrana  propria  is  much  thicker,  so  as  to  form  a  distinct  fibrous  in- 
vestment; the  membrafia  fibrom  s^nd  the  blood-vessels  surrounding  it  >i* 
numerous,  and  may  be  said  to  form  a  msmbrana  vascttlosa  aboat  it, 

Tiie  human  ovum  measures  about  y^  of  an  inch  (abont  .2  mm.)  * 
diameter.     Its  external  investment,  or  tlie  zona  peliucida^  or  vtUih^ 


^mbrane^  is  a  transparent  niembrune,  about  y^^  of  an  inch  (lO/i)  in 

Ickriess,  which  under  the  microscopic    appears  as  a  bright  ring  (fig* 

|4),  bounded  externally  and  internally  by  a  dark  outline.  Within  this 
spareut  iuTestment  or  zona  pellucida,  and  usually  in  close  contact 

ith  it,  lies  the  ^oik  or  vHelius,  which  la  composed  of  granules  and  glob- 
of  I'ariouB  sizes,  imbedded  in  a  more  or  less  fluid  substance.  The 
ier  gra^jules,  which  are  the  more  numerous,  resemble  in  their  appear- 
as  well  as  their  constant  uiotion,  pigment- granules.  The  larger 
nlea  or  globules,  which  have  the  aspect  of  fat-globules,  are  in 
test  number  at  the  periphery  of  the  yolk.     Tlie  number  of  tljc  gran- 

^  18  greatest  in  the  ova  of  caniivoroMS  animals.     In  the  human  ovum 

kir  quantity  is  comparatively  small. 

[   In  the  substance  of  the  yolk  is  imbedded  the  germinal  resicle,  or  vess- 

Ela  germinativa,  -^^  of  an  inch  (*05  mm.)  (tig.  4114).  The  vehicle  is  of 
fttest  relative  size  in  the  smallest  ova,  and  is  in  them  surrounded 
iely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During  the 
(Bvelopment  of  the  ovum,  the  germinal  vesicle  increases  in  size  much  leas 
Ipidly  than  the  yolk,  and  comes  to  he  jilaced  near  to  its  surface.  It 
Hasists  of  a  fine,  transparent,  structureless  membrane,  containing  a  clear, 
Itery  fluid,  in  which  are  sometimes  a  few  granules;  and  at  that  part  of 
le  periphery  of  the  germinal  vesicle  wiiich  is  nearest  to  the  periphery  of 
16  yolk  is  situated  the  ffermifial  spofy  or  macula  germinativa,  of  a  finoly 


...  Kucl«i»  or  germtniU  vesicle, 
■*'  Nucleolus  or  gv^rmiDal  Bpot. 

Space  left  by  retraction  of 
yoUc 

Yolk  or  vi  tell  us. 


Vitelline  membrane. 


^ 


KM.'-SemidlaKrammatfe  represeDtion  at  a  human  orum,  flhowlu^  the  iMJts  of  an  antmAl 

cell.     (Cad!  at.) 

iBulated  appearance  and  of  a  yellowish  color,  strongly  refracting  the 
jTs  of  light 

Snch  are  the  parts  of  which  the  Graafian  follicle  and  its  contents, 
icludingthe  ovum,  are  composed.  With  regard  to  the  mode  and  order 
development  of  tbese  parts  there  m  considerable  uncertainty. 

The  Graafian  follicles  arc  formed  iu  the  following  manner  :^ — The  em- 
yonic  ovary  is  covered  with  short  columnar  cells,  or  the  so-called  germ- 
Ill  epitheliuuK  The  cells  of  this  layer  undergo  proliferation,  so  as  to 
tm  several  strata,  and  grow  into  the  ovarian  stroma  as  longer  or  shorter 
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•  oolamni  or  tnbai.  By  degwn  ^bmm  tu  beg  beec 
^ithdiniDi  ai^  fofm  oe)l  iietli»  nQ&ll,  if  ne 
the  depth  of  the  itiMm.  ISMMil 
of  iheir  odl8»  and  may  emu  give  off  nein 
iham  in  Tarioiis  dueotions.  Oertain  of  tl 
oj^theliam  enlargOi  ai^  fom  ov»;  and  the  f c 
plaoe  in  the  neata  within  tho  afaconuL  The  a< 
by  diTiflbn.  The  anudl  oaUa  of  a^naal  aonroai 
membErana  gTannloaa»  ai^  the  afaNNM  growinic 
ova  into  so  many  Chraaflan  loUidaa.  The  oUm 
brana  fibroaa  and  the  membrana  vaaonleaa,  av 

The  amalleat  foUidea  aire  ffomediit  the  mi 
tioal  layer.  It  ia  aaid  by  aome  that  the  super 
beoome  more  deeply  placed  in  the  ovarian  si 
they  increase  in  aiie,  Ihej  make  their  way  tov 

When  mature,  they  letm  little  prwiinni 
ovary,  covered  only  by  a  thin  layer  oC  condeDa« 
Unm.    Only  a  few  Icdliclea  ever  reaeh  matorii 

From  the  eariieat  infancy,  aiu!  through  tli 
life,  there  apjpean  to  be  »  cou^tant  formatiati, 


Fig.  466.  ^Germinal  epithelium  of  the  nirfaoe  of  the  ovaiy  < 
blasts;  6,  larger  ovoblasts.    (Ci 

tion  of  Graafian  vesicles,  with  their  containec] 
puberty,  however,  the  process  is  comparative!] 
this  period,  the  ovaries  are  small  and  pale,  th< 
are  very  minute,  and  probably  never  attain  i 
shrivel  and  disappear,  instead  of  bursting, 
the  contained  ova  are  also  incapable  of  being 
cident  with  the  other  changes  which  occur 
puberty,  the  ovaries  enlarge,  and  become  ve: 
of  Graafian  vesicles  is  more  abundant,  the  size 
attained  by  them  are  greater,  and  the  ova  ar( 
dated. 

The  Fallopian  Tubes  (Oviducts).— The 
four  inches  in  length  (10  cm.),  and  extend  b 


THE   REPRODUCTIVE   ORGANS, 


767 


b?  angles  of  the  uterus.  Afc  tbe  point  of  attachment  to  the  uterus^ 
I  tube  is  very  nariow;  but  in  its  course  to  the  ovary  it  ineretifted  to 
It  an  eighth  of  an  inch  (3  mm.)  in  thickness;  at  its  distal  extremity, 
&h  is  free  ami  float ing»  it  bears  a  number  of  Jimbnw^  one  of  which, 
jer  than  the  rest,  is  attached  to  tlic  ovary.  The  canal  by  whicli  each 
f  is  traversed  is  narrow,  especially  at  its  point  of  entrance  into  the 
bs^  at  which  it  will  scarcely  admit  a  bristle;  its  other  extremity  is 
W,  and  opens  into  the  cavity  of  the  abdomen,  surrounded  by  the  zone 
knbriae.  Externally,  the  Fallopian  tube  is  invested  with  peritoneum; 
rnally,  its  canal  is  lined  with  mucous  membrane,  which  is  apt  to  be 
hi*n  into  numerous  longitudinal  folds,  covered  witli  ciliated  epi the- 
ir between  the  peritoneal  and  mucous  coats  the  walls  are  composed, 

those  of  the  uterus,  of  fibrous  tissue  and  unatriped  muscular  fibres, 
fly  circular  in  arrangement, 

fhe  Uterus. — The  uterus  («*  Cy  tig,  461)  is  a  somewhat  pyriform 
led  organ,  and  in  the  uuiuipregnatcd  state  is  about  three  inches  (7*5 
i  in  length,  two  (5  cm.)  in  breadth  at  its  upper  part  or  fit  ndu  a  ^  but  at 
ower  pointed  part,  vcck  or  cervix^  only  about  half  an  inch  (1.25  cm.). 

part   between    the  fundus  and  neck   is  termed  the  hodif    of  the 
ns:  it  is  about  an  inch  (2,5  cnu)  in  thickness. 
itmcture. — The  uterus  is  constructed  of  three  principal  layers,  or 

t -serous,  fibrous  and  ninscnhir,  and  mucous,  (a)  The  serous  coat, 
has  the  same  general  structure  as  the  peritoneum,  covers  the 
n  before  and  behind,  but  is  absent  from  the  front  surface  of  the 
L  (h)  The  mUhlk  coat  is  composed  of  unstriped  muscle,  arranged 
he  human  uterus  in  three  layers  from  without  inward,  longitudinal, 
alar,  oblique  and  circular.  They  become  enormously  developed  dur- 
pregnancy.  The  arteries  and  veins  are  found  in  large  numbers  in 
outer  part  of  their  c(mt,  so  as  to  form  almost  a  special  vascular  coat. 
The  mucous  membrane  of  the  uterus  ia  lined  by  columnar  ciliated 
kelium,  which  extends  also  to  the  interior  of  the  tubular  glands,  of 
jh  the  mucous  membrane  is  largely  made  up. 

In  the  cervix  uteri  the  mucous  membrane  is  arranged  in  permanent 
itndinul  fo\d^^  pahnw piiaricp.  Tlie  glands  of  this  part  are  of  the 
tlo-raceniose  type,  branching  repeatedly  and  extending  deeply  into 
substance  of  the  cervix.  They  are  lined  by  columnar  epithelium, 
0|>en  on  the  ridges  and  furrows  of  tbe  mucous  membrane.  Tliey 
He  a  thick  glairy  mucus,  resembling  unboiled  white  of  egg. 
Che  mucous  membrane  of  the  cavity  of  the  body  of  the  uterus 
j|athin  membrane  about  ^  inch  (1  mm.)  thick,  and  is  covered  on  its 
P0  by  colnmnar  ciliated  epithelium.  Imbedded  in  its  substance  are 
ierous  simple  tubular  glands  set  somewhat  obliquely  and  lined  with 
lunar  ciliated  epithelium.      These  glands  often  bifurcate  at  their 


cm.)  long,  extendiBg  obliquely  downward  and  forwalV 
of  the  uterus,  which  it  embraces,  to  the  external  organg 
It  is  lined  with  mucous  membrane,  covered  with  strat 
epithelium,  which  in  the  ordinary  contracted  state  of  the 
into  transverse  folds.  External  to  the  mucous  membrat 
the  vagina  are  (?onstrueted  of  unstriped  muscle  and 
within  which  in  the  submucosal  especially  around  the  loi 
tube,  is  a  layer  of  erectile  tissue.  This  exists  also  in  the 
lower  extremity  of  the  vagina  is  embraced  by  an  orbicu 
sphincter  tfo^ince;  its  external  orifice,  in  the  virgin,  is  paj 
a  fold  or  ring  of  mucous  membrane,  termed  the  ht/men. 
organs  of  generation  consist  of  the  clitorijiy  a  small  e 
situated  above  and  in  the  middle  lino,  and  construct^ 
masses  or  corpora  cavernosa.  They  are  not  perforatedH 
of  two  folds  of  mucous  membrane,  termed  labia  inteina^  © 
in  front  of  these, of  two  other  folds,  the  labia  externa^  or  p 
of  the  external  integument,  and  lined  internally  by  mtto 
Between  the  nympha?and  beneath  the  clitoris  isanangnli 
the  vestibule,  at  the  centre  of  whose  base  is  the  orifice 
uririarins.  Numerous  mucous  follicles  are  scattered  bene 
membrane  composing  these  parts  of  the  external  organg 
and  at  the  side  of  the  lower  part  of  the  vagina  are  two  h 
glands,  vulvo- vaginal  or  Duvemey*s  glands,  which  are  am 
per's  glandi^  in  the  male.  The  ducts  of  these  glands  an 
(12.5  mm.)  long  and  open  immediately  exterm^^^^h& 


THE    REPRODUCTIVE   ORGANS. 


769 


well   afi  the  urino  is   discharged.     The    Prostate  gland,   tlie 
;ion  of  which  is  not  undorstood,  is  generally  included  in  the 


^Stes* — ^The  secreting  structure  of  the  testicle  and  its  duct 
i  of  in  two  contiguous,  parts  (1 )  the  body  of  the  testicle  proper, 
ithiu  a  thick  and  tough  white  fibrous  membrane^  the  tunica 
on  the  outer  surface  of  which  is  the  serous  covering  formed  by 
vap'mdis^  and  (2)  the  epididpnh  and  vas  deferens. 
IS  deferens,  or  duct  of  the  testicle,  which  is  about  two  feet 
ill  length,  is  constructed  externally  of  connective  tissue,  and 
is  lined  by  a  mucous  membrane,  covered  with  columnar  epithe- 
le  between  these  two  coats  is  a  middle  coat,  very  firm  and  tough, 
)f  unstriped  muscle,  cliiefiy  arranged  longitudinally,  but  also 
some  circular  fibres.  When  followed  back  to  its  origin,  the 
3fi  is  found  to  pass  to  the  lower  part  of  the  epididymis^  with 


Fig.  m. 


Tig.  m. 


plan  of  a  vertical  nectloii  of  t^e  testicle,  showlDK  the  ornuiiremeDt  of  the  ducts, 
h  and  diameter  of  the  ducts  have  bcwn  disrej^ardiwl.  a  o»  tubuli  fwrninifcH  coiled 
irate  lobes;  fe,  tubuli  nwti  or  vaaa  recta;  c,  rete  testis;  d,  thbu  efT»>rpntia  eodinif 
iciiJofiii;  ly  f,  ff,  cciinvolutt*(l  aijial  of  th«^  ti^iddidyiaatar  K  ▼««  defer«»ns;  A  section  of 
of  the  tunica  albu^iuea;  t,  i,  Hbrous  pmi:«»ieH  runnlut?  between  the  fobea;  t,  me- 


gection  of  the  epididymiRof  a  dog.— Tlie  tube  Is  cut  in  8t*ver&l  phioe«,  both  i 
iliquely ;  It  ia  aeeo  to  be  lined  bv  a  clUated  epitheUum,  the  nuclei  of  which  are 
C  cotineetlve  tlaaue.     CJSchofleld.  > 

directly  continuons  (fig.4(>0),  and  asanmes  there  a  much  smaller 
ith  an  exceedingly  tortnoua  course. 

Mdidymis,  which  is  lined,  except  at  its  lowest  part,  by  co- 
4U 
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lamnar  ciliated  epithelium  (fig.  4(5G),  is  eommonlj  described  as  con- 
Bisting  (tig.  4titJ)  of  ix globus  minor  (g)y  the  body  (f),axid  the  ghhiumafoif 
{I.)  When  unravelled  it  is  fouud  to  bo  constructed  of  a  single  tube,  ~ 
nring  about  twenty  feet  in  length. 

At  the  globus  major  this  duet  divides  into  ten  or  twehe 
branches,  the  couvolutious  of  which  form  coniform  masses,  named 
va4Culost;  and  the  ducts  continued  from  these,  the  Vasa  efferfniia^ 
anastomosiug,  one  with  another  in  what  is  called  the  Jieit  te^sti^,  lead 
finally  as  the  7\ibuH  recti  or  Vasa  recta  to  the  seminal  tubules  (/wW 
semitti/eri),  which  form  the  proper  substance  of  the  testicle.  Tht 
epithelium  lining  the  coni  vasculosi  and  vasa  efferentia  is  colamnar  &&d 
ciliated;  that  of  the  rete  testis  is  squamous. 

The  seminal  tubules  are  arranged  in  lobules,  separated  from  one 
another  by  incomplete  fibrous  septa  or  cords,  which  pass  from  the  front 
of  the  tunica  albuginca  internally  to  a  firm  incomplete  vertical  septum 
of  thick  extending  fibrous  tissue  at  the  posterior  border,  from  the  upper 
to  near  the  lower  part,  called  the  corpus  IIiffhmon\  or  mediastinum 
testis.  Through  this  very  firm  fibrous  tissue  pass  the  seminal  tubes  frm 
the  vtisa  recta.  The  tunica  albuginea  is  covered  by  a  very  fine  plexus u( 
blood-vessels  internally,  derived  from  the  spermatic  vessels.  The  Shrm 
cords  which  may  contain  unstriped  muscle  are  also  covered  with  a similir 
capillary  plexus. 

TubuU  Seminiferi. — The  seminal  tubes,  which  compose  the  pareo- 
chyma  of  the  testicle,  are  loosely  arranged  in  lobules  between  the  conneo 
tive  tissue  septa. 

They  are  relatively  large,  very  wavy,  and  much  convolute ;  «rf 
they  poflneet  a  few  lateral  branches,  by  which  they  become  conaected 


#0^ 


Tig.  488.— From  a  saotton  of  the  testis  of  ilag,  showlnfr  porHons  of  bbidIeiaI  tatMS-  A.  i 
iml  epltbelial  cetU,  nnd  Dtmierous  small  cells  looseljr  arraoi^w] i  B,  th^  am*U  oeUtorf 
«toblAitt«  converted  into  apermatozoa ;  gwuM  of  theae  in  a  further  staee  of  "  ~" 
(Klein.) 

into  a  network.     They  form  terminal  loops,  and  in  the  peripheral  | 
tion   of  the  testis  the  tubules  are   possessed  of  minute  lateral 
branch  lets. 

Each  seminal  tubule  in  the  adult  testis  is  limited  by  a  memb 
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bpria,  which  appears  as  a  hyaline  elastic  membrane,  but  which  is 
lly  made  up  of  eeveml  incomplete  layers  of  flattened  cells,  contain- 
Qg  oval  flattened  nuclei  at  regular  intervak.  Inside  this  memhrana 
iTopria  are  several  layers  of  epithelial  cells,  the  seminal  cells  (fig,  408). 
liese  consist  of  two  or  more  layers,  the  outermost  being  situated  next 
he  membrana  propria*     These  cells  are  of  two  kindsj  those  that  are  in 


7 


Iflf  lODU-Sectlon  of  A  tubule  of  the  testicle  of  a.  mt.  to  &how  the  formation  of  the  sperm - 
t;  a  wnerma.t<a&(L;  &,  seminal  cells;  r,  siM^miatohlosts^  to  which  the  spermaUmoA  are  stiO 
oat;  d,  tDembrana  propria;  «,  Hbro-plaatic  eleiiieatj  of  the  cootiectLTe  (iBHue.     (Cadiat. ) 

^feating  state,  which  generally  form  a  complete  layer,  and  those  that 
in  a  state  of  division^  of  which  there  may  be  two  layers.  The  latter 
called  mother  cells,  and  the  smaller  cells  resulting  from  their  division 
re  called  daughter  cells  or  spermatoblasts.  From  these  the  sperma- 
;oa  are  formed,  their  head  corresponding  with  the  nuclei  of  the 
lughter  cells;  and  during  their  development  they  lie  in  groups  (figs, 
J8,469),  and  are  supported  by  irregular  masses  of  so-called  nutritive 
Jlis;  but  when  fully  formed,  they  become  detached,  and  fill  the  lumen 
the  seminiferous  tubule  (fig.  469).  This  detachment  is  effected  by 
t^  liquefaction  of  the  nutritive  cells  in  which  the  groups  of  spermatozoa 
imbedded. 

In  the  line  connective  tissue  which  supports  the  tubules  of  the  testis, 

to  be  found  flattened  and  nucleated  epithelial  cells,  probably  the 

iains  of  the  Wolffian  body.     The  lymphatics  of  the  testes  are  numer- 

.  and  may  be  injected  by  inserting  the  needle  of  an  injecting  syringe 

o    the  tunica  albuginea,  and  pressing   in  the  injection  with  alight 

The  Vesiculse  Seminales.— The  vesiculee  seminales  have  the  appear- 
of  outgrowths  from  the  vasa  deferentia     Each  vaa  deferens,  jast 


FIff.  IRI.'-'IMMMtloci  of  the  bAfle  of  the  bl udder  and  pre 
tttfifBUiet  AoA  tan  defereutlu.  a,  lowtr  fciurf  ace  af  the  btadi 
peHtoneum;  6,  the  Mft&bovi?  cort»ni*d  liy  the  pp*M-Jt4inoiim;  i, 
4P?iaciil&t(iry  duct;  the  ▼&»  defer»D«h  had  b&en  ^lUiilel  uear 
tkin  hAB  been  taken  away;  «,  left  vwicula  aemirmliH  joining 
det&reoB  and  right  Tealcula  seminal  is,  which  has  been  unrair 
irlaiid;  w,  part  of  the  ureUira;  li,  u,  the  uretem  (cut  th 
Waller  J 


wliich  two,  tlie  corpora  cavernosfiy  are  alik 
together,  and  receive  below  and  between  then 
spongiosum.  The  urethra  passes  through  th« 
penis  is  attached  to  the  gymphysis  pubis  by  it 
tremity  or  glaoa  penis  is  continuons  with  the 
integument  covering  the  penis  forms  a  loose 
the  glans  with  the  body,  called  the  prepuce  or 
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Kre. — {a,)  The  urethra  is  lined  by  stratified  pavement  epithe- 
^the  proetatic  portion;  in  front  of  the  bulb  the  epithelium 
columnar,  while  at  the  fossa  navicularis  it  is  again  lined 
itified  pavement  epithelium.  The  mucous  membrane  consists 
fibrous  connective-tisfiue, intermixed  with  which  are  many  elaetic 
tt  IB  surrounded  by  unstriped  muscular  tissue.     In  the  iuter- 


.— Erectile  tiesue  of  the  humAa  penlft.    o^  fibrous   trabecuIiB  with  thalr  ordinary 
6,  sectlDQ  of  the  Tenous  HlnuAet;  e,  muBGiiutr  tissue.     (Ca^Unrt.) 


portion  many  large  veins  run  amongst  the  bundles  of  muscular 
Many  mocous  glands,  (/Imtd^  of  Liiire,  are  present. 
The  corpora  earermmt,  a  true  erectile  structure,  are  surrouuded 
m  fibrous  and  elastic  sheath,  and  from  the  inner  surface  of  this, 
1  the  septum  which  separates  the  two  corpora  cavern osa>  pass 
a  bundles  of  fibrouSj  elastic,  and  plain  muscular  fibres,  called 
y  and  these  hj  their  anastomosis  form  a  series  of  irregular 
These  spaces  are  lined  with  endothelium,  and  are  filled  with 
ilood.  The  inter-trabecular  spaces  or  sinuses  of  one  corpus 
im  anastomose  with  those  of  the  other,  especially  in  front  where 
ling  septum  is  incomplete. 

The  corpus  spongiosum  urethra  consists  of  an  inner  portion  or 
longitudinal  veins,  and  of  an  outer  or  really  cavernous  portion 
iin  structure  with  that  which  has  just  been  described.  Tha 
Ts  of  the  penis  are  very  numerous^  both  superficially  and  also 
he  urethra.  They  join  the  inguinal  glands. 
terve^j  derived  from  the  pudic  nerves  and  hypogastric  plexna, 
ibuted  to  tire  skin  and  mucous  membrane  and  to  the  corpora 
I  and  spongiosum  respectively.  The  nerves  are  provided  witli 
t&  and  Pacinian  corpuscles  in  the  glans  penis,  and  form  also  a 
>epithelial  plexus, 
ir's  gimid^   are  two  small  glands,  tlie  ducta  of  which  open  into 
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Relation  of  M&n^truaiion  to  the  Discharge  of  Ova. — The  hnmanfemili 
ift  subject  to  the  same  law  as  the  females  of  other  mamTuiferoUi}  aniiiuds; 
her  ova  are  oiatured  and  discharged  from  the  ovary  independent  o/a 
umon.  This  maturation  and  discharge  occur,  moreover,  periodic 
or  about  the  epochs  of  menstruation. 

The  evidence  of  the  periodical  discharge  of  ova  at  the  meastml  I 
periods  ta  that  in  moat  eases  in  which  signs  of  menstruation  h*ve  hm 
found  in  the  uterus^  follicles  in  a  state  of  maturity  or  of  rupture  hirfi J 
been  seen  in  the  ovary;  and  although  conception  is  not  confined  I 
periods  of  menstruation,  yet  it  is  more  likely  to  occur  about  a  me 
epoch  than  at  other  times. 

The  exact  relation  between  the  discharge  of  ova  and  menstruation  a  I 
not  very  clear.     It  was  formerly  believed  that  the  monthly  flui  was  \k 
result  of  a  congestion  of  tho  uterus  arising  from  the  enlargement  sikI 
rupture  of  a  Oraiifian  follicle;    but  though  a  Graafian  follide  is,  as  i ] 
rule,  ruptured  at  each  menstrual  epoch,  yet  several  instances  are  i 
in  which  menstruation  has  occurred  where  no  Graafian  folhcle  auil 
been  ruptured,  and  on  the  other  hand  cases  are  known  where  or*| 
been  discharged  in  amenon'ha?ic  women.     It  must  therefore  be  i 
that  menstruation  is  not  dependent  on  the  maturation  and  disebi 
ova. 

It  was,  moreover,  formerly  understood   that   ova  were  dischar^l 
toward  tlie  close  or  soon  after  the  cessation  of  a  menstrual  flow.    Ohfi^j 
vations  made  after  death,  and  facts  obtained  by  clinical  investigation,  I 
however,  do  not  support  this  view.     Rupture  of  a  Graafian  follicle  dwij 
not  happen  on  the  same  day  of  the  monthly  period  in  all  women.  M 
may  occur  toward  tbe  close  or  soon  after  the  cessation  of  a  flow;  but  obIt  I 
in  a  small  minority  of  the  subjects  examined  after  death  was  this  tin 
case.     On  the  other  hand,  in  almost  all  such  subjects  of  which  tliuf«i*l 
record,  rupture  of  the  follicle  appears  to  have  taken  place  before  d»»[ 
commencement  of  the  catamenial  flow.     Moreover,  the  custom  oltlKJ 
Jews — a  prolific  race,  to  whom  by  the  Levitical  law  sexual  rnt^icoflri 
during    the   week    following    menstruation    was    forbiddeo— militate 
strongly  in  favor  of  the  view  that  conception  usually  occurs  before  m 
not  soon  after  a  menstrual  epoch,  and  necesaarily,  therefore,  for  tberieff 
that  ova  are  usually  discharged  before  the  catamenial  flow*    This,  to* 
gether  with  the  anatomical    condition  of  the  uterus  Jnst  before  tli^  I 
catamenia,  seems  to  indicate  that  the  ovum  fertilized  is  that  which  K I 
discharged  in  connection  with  the  first  absent,  and  not  that  with  w*] 
last  present  menstruation. 

Though  menstruation  does  not  appear  to  depend  upon  the  dificbaip] 
of  ova,  yet  the  presence  of  the  ovaries  seems  necessar>'  for  thepcrfoflB^j 
ance  of  the  function;  for  women  do  not  menstruate  when  both  oTir»l 
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The  mtiBCiilar  tissue  of  the  prostate  not  only  forma  the  chief  part  of 
stronia  of  the  glaud,  but  also  forms  a  continuoos  layer  inside  the 

rous  sheath  J  as  well  as  a  layer  surrounding  the  urethra,  which  is  con- 

m&  with  the  sphincter  vesicae. 


Physiology  op  the  Sexual  Obgaks. 

Of  the  Female. — In  the  process  of  deTelopment  in  the  ovary  of 

ividua!  Graatian  vesicles,  it  has  been  already  observed,  that  as  each 
eases  in  size,  it  gradually  approaches  the  surface  of  the  ovary,  and 

n  fully  ripe  or  mature,  forms  a  little  projection  on  the  exterior. 

ncident  with  the  increase  in  size,  caused  by  the  augmentation  of  its 
aid  contents,  the  external  envelope  of  the  distended  vesicle  becomes 
ly  thin  and  eventually  bursts.  By  these  means,  the  ovum  and  fluid 
itentB  of  the  vesicle  are  liberated,  and  escape  on  the  exterior  of  the 
iry^  whence  they  pass  into  the  Fallopian  tube  or  oviduct,  the  fimbri- 
d  processes  of  the  extremity  of  which  are  supposed  coincidentally  to 
iep  the  ovary,  while  the  aperture  of  the  tube  is  applied  to  the  part 
•responding  to  the  matured  and  bursting  vesicle. 

In  animals  whose  special  capability  of  being  impregnated  occurs  at 
[nlar  periodsj  as  in  the  human  subject,  and  most  mammalia,  the 
iuifian  vesicles  and  their  contained  ova  appear  to  arrive  at  maturity, 
I  the  latter  to  be  discharged  at  such  periods  only.  But  in  other 
itnals,  e.ff.y  the  common  fowl,  the  formation,  maturation,  and  dis- 
^ge  of  ova  appear  to  take  place  almost  constantly* 

It  has  long  been  known j  that  in  the  so*called  oviparous  animals,  the 
laration  of  ova  from  the  ovary  may  take  place  independently  of  im- 
Ignation  by  the  male,  or  even  of  sexual  union.  And  it  is  now 
pblished  that  a  like  maturation  and  discharge  of  ova,  independently 
^Bkion,  occurs  in  mammalia,  the  periods  at  which  the  matured  ova 
Hiparated  from  the  ovaries  and  received  into  the  Fallopian  tubes 
lig  indicated  in  the  lower  manimalia  by  the  phenomena  of  heat  or 
b  in  the  human  female,  although  not  always  with  exact  coincidence, 
i  the  phenomena  of  memfirnaiion,  If  the  union  of  the  sexes  take 
Ce,  the  ovum  may  be  fecundated,  and  if  no  union  occur  it  perishes. 
'That  this  maturation  and  discharge  occur  periodically,  and  only 
hing  the  phenomeua  of  heat  in  the  lower  mammalia,  is  made  probable 
the  facts  that,  in  all  instances  in  which  Graafian  vesicles  have  been 
llid  presenting  the  appearance  of  recent  rupture,  the  animals  were  at 
I  time,  or  had  recently  l>een,  in  heat;  that  on  the  other  hand,  there  is  no 
ilientic  and  detailed  account  of  Graafiau  vesicles  being  found  ruptured 
the  intervals  of  the  period  of  heat;  and  that  female  animals  do  not 
^\t  the  males,  and  never  become  impregnated,  except  at  those  periods, 
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the  second  part  of  the  urethra.  Tbej  are  ^mall  round  bodies^  of  J 
eize  of  a  pea,  yellow  in  color,  resembling  the  sublingual  glaLd| 
structure  they  are  compound  tubular  mucous  glands. 

The  Prostate  Gland. — The  prostate  is  situated  (fig.  4T0) 
neck  of  the  urinary  bladder,  and  incloses  the  commencement 
urethra.     It  is  somewhat  chestnut- shaped.     It  measures  an  inchi 
half  in  breadth,  and  an  inch  and  a  quarter  long,  and  half  an  inci 
thickness. 

iStrucfure. — The  prostate  is  made  up  of  small  compound  tali 
glands  imbedded  in  an  abundance  of  muscular  fibres  and  connectitet 

The  glandular  sabstanoe,  which  is  nearly  absent  from  the  fr^ni  put 
of  the  organ,  consists  of  luimeroua  small  saccules,  opening  into  eloDgitoi 
duetSt  which  unite  into  a  smaller  numbtT  of  excretory  ducU.     Tha 


Fig,  in»— Seollon  of  a  sidaU  portion  of  the  prost&te.    a,  gland  duct  cut 
gUnd  tlructiire;  Ci  prostatic  calculus*    CCadlatl 


of  the  Upper  part  of  the  prostate  are  small  and  hemispherical; 
in  the  mitidlo  and  lower  parts  the  tubes  are  longer  and  more  conWo 
The  acini  are  of  two  kinds,  namely,  those  (a)  lined  with  a  single  lajef  A 
thin  and  long  columnar  cells,  each  with  an  oval  nucleus  in  outer  partrfj 
wall;  and  those  (b)  acini  resembling  the  foregoing,  but  w\ih  a 
layer  of  small  cortical,  polyhedral,  or  fusiform  cells  between  thei 
bnma  propria  am!  the  columnar  cells.      The  duc4s^  twelve  to  * 
number,  open  into  the  urethra.     They  are  lined  by  a  layer  of 
C3ells,  beneath  which  is  a  layer  of  small  polyhedral  cells, 

The  tunica  adventitia  consists  of  dense  fibrous  tissue  of  tvr<  b^ 
between  which  is  situated  a  plexus  of  veins.     Large  ve-mehl 
interior  of  the  organ,  to  form  a  broad,  meshed,  capillary  fii 
with   numerous   large   gjinglion-cells   surround    the   coi 
bodies  are  sometimes  found  in  the  substance  of  the  orgai 
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>bules  projecting  from  the  opposite  walla  of  the  Graafian  follicle  appear 
in  a  section  to   be  separated  by  the  thimiest  possible  lamina  of  eemi- 
^transpareut  tissue. 

^Vhen  a  foUicle  is  about  to  burst  and  expel  the  ovum,  it  becomes 
lighly  vascular  and  opaque;  and,  immediately  before  the  rupture  takes 
slace,  its  avails  appear  thickened  on  the  interior  by  a  reddish  glutinous 
>r  fleshy-looking  substance.     Immediately  after  the  rupture,  the  inner 
lyer  of  the  wall  of  the  yesicle  appears  pulpy  and  flocculcut.      It  is 
tlirown    into  wrinkles  by  tlie  contraction  of  the  outer  layer,  and,  soon, 
ieshy  mamniillary  processes  grow  from  it,  and  gradually  enlarge  till 
I  they  nearly  fill  the  vesicle,  and  even  protrude  from  the   orifice  in  the 
external  covering  of  the  ovary.     Subsequently  this  orifice  closes,  but  the 
tmhj  growth  within  still  increases  during  the  earlier  period  of  preg- 
nancy, the  color  of  the  substance  gradually  changing  from  red  to  yellow^ 
and  its  consistence  becoming  firmer. 

PThe  human  corpus  luteum  (fig.  47*i)  differs  from  that  of  the  domestic 
quadruped  in  being  of  a  firmer  texture,  and  having  more  frequently  a 

^H        Fif?.  476b— Corpora  luten  of  different  peiiodH,     B,  crtr]iu5  lutemn  of  &boiit  the  sixth  week 
*^-'      miter  imprefinarion,  HhowlngU«  pUcate^i  form  at  that  x>eHcMl.     l^  f^ubatAuee  of  the  orary:  2,  sub* 
of  the  corpufi  ]lUit*Mmi;  8,  ftgrajish  ct>ajruliim  In  its  cavity.     (Pftterson. )    A,  corpus  iu- 

«:MontgcimeO'. ) 


I 


■taoce  of  the  cor|>U(i  luit*Mmi;  8,  ft]jra>i*h  ct>ajruliim  In  its  cavity, 
teuui  two  dapi  afti^r  delivery;  D,  in  the  twelfth  wewk  aft^r  delivery. 


f persistent  cavity  at  its  centre,  aud  in  the  stelliform  cicatrixj  which  re- 
mains in  the  cases  where  the  cavity  is  obliterated,  being  proportionately 
j^m^i  much  larger  bulk.  The  quantity  of  yellow  substance  formed  ia  also 
^Kmuch  less:  and  althongh  the  dt^posit  increases  after  the  vesicle  has 
^Bmrst,  yet  it  does  not  usually  form  maoimillary  growths  projecting  into 
^*ithe  cavity  of  the  vesicle,  and  never  protrudes  from  the  orifice,  as  is  the 
^^e  in  other  Mammalia.  It  niaiDtiiins  the  character  of  a  uniform,  or 
^HD^arly  uniform,  layer,  which  is  thrown  into  wrinkles,  in  consequence  of 
^^fche  contraction  of  the  external  tunic  of  the  vesicle.  After  the  orifice  of 
_2the  vesicle  has  closed,  the  growth  of  the  yellow  substance  continues  dtir- 
the  first  half  of  pregnancy,  till  the  cavity  is  reduced  to  a  compara- 
ively  small  size,  or  is  obliterated;  in  the  latter  case,  merely  a  white 
iteiliform  cicatrix  remains  in  the  centre  of  the  corpus  hi  ten  m. 

An  effusion  of  blood  generally  takes  place  into  the  cavity  of  the  fol- 
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Rcle  lit  the  time  of  its  rupture,  espociallj  in  the  hnmftn  subject,  but  it 
has  no  share  in  forming  the  yellow  body;  it  gradually  loees  ite coloring 
matter.  The  serum  of  the  blood  sometimes  remains  included  withbi 
cavity  in  the  centre  of  the  coagulom,  and  then  the  decolorized  fibrin 
forma  a  mem  bran  i  form  sac,  lining  the  corpus  luteum.  At  other  titae* 
the  Bartim  is  remoTed,  and  the  fibrin  constitutes  a  solid  stelliform  misi. 

The  yellow  substance  of  whicli  the  corpus  luteum  consists,  both  ia 
the  human  subject  and  in  the  domestic  animals,  is  a  growth  from  tbi 
inner  surface  of  the  ruptured  follicle,  the  result  of  an  increased  de^el* 
opment  of  the  membrana  granulosa. 

The  firat  changes  of  the  internal  coat  of  the  Graafian  Tedcle  in  tbi 
process  of  formation  of  a  corpus  Inteum  seem  to  occur  in  every  esse  !& 
which  an  ovura  escapes;  as  well  in  the  human  subject  ag  in  the  domtttie 
quadrujxHls,  If  the  ovum  is  impregnated,  the  growth  of  the  yellow lab- 
Btance  continues  during  nearly  the  whole  period  of  gestation  and  fonni 
the  large  corpus  luteum  commonly  described  as  a  chara<:teristic  mafk  of 
impregnation.  If  the  ovum  is  not  impregnated,  the  growth  of  jellaf 
eubetance  on  the  internal  surface  of  the  vesicle  proceeds,  in  the  human 
ovary,  no  further  than  the  formation  of  a  thin  layer,  which  shortly  iiis* 
appears;  but  iu  the  domestic  animals  it  continues  for  some  time  afttf 
the  ovum  has  perished,  and  forms  a  corpus  luteum  of  considerable  ost. 
The  fact  that  a  structure,  iu  its  essential  characters  similar  to,  thoogh 
smaller  than,  a  corpus  hiteum  observed  during  pregnancy^  is  formed  ifl 
the  human  subject,  independent  of  impregnation  or  of  sexual  union, 
coupled  with  the  varieties  in  size  of  corpora  liitea  formed  during  preg* 
nancy,  necessarily  renders  unsafe  all  evidence  of  previous  impregnatioa 
founded  ou  the  existence  of  a  corpus  luteum  in  the  ovary. 

The    follow tBg    table  by  Daltoa.  expresses  weU  the  differencee  between  thi 
corpuii  luteum  ot  the  pregnant  and  uiiimpre^ated  condition  respectivelv  :— 

Corpus  Luttum  of  Pregnancy. 


At  <Au  end  of 

ihrmweek9 

One  month  . 


Two  months 


Sir  months . 


Nine  montfis 


Corpus  Luteum  of  Menstru^ 

at  ion. 
Tliree- quarters  of  an  inch  in  diameter;  central  clot  reddish  ;c« 
voluted  wall  |iale. 

l^arger;  convoluted  wall  hrigbt  fel- 
low ;  clot  still  reddish. 


Willi 

stiU 


Si  nail  er  ;     cou  vol  uted 

bri^^ht    yellow  ;  oliit 

re<idish. 
Recluced   to    the    condition 

ol   an  insignificant  cica- 

trix. 

Abcieat. 


Absent 


Seven -eighths  of  an  incJi  iu  dii- 
meter ;  convoluted  wall  lmg9t 
yelhiw ;  clot  perfectly  JecxJif' 
jzed. 

Still  as   lar|^   iks  at   end  of  aeo. — ^ 
month ;  clot  fibrinous ;  couvolntrf 
wall  paler. 

One-half  an  inch  in  diameter;  ceD- 
trul  clot  converted  into  a  wli' 
ft  ting  cicatrix  ;  the  tixtemal  w«^ 
tolerably  thick  and  convolat«<t 
but  without  any  bright  jello* 
color. 
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[Of  the  Male. — In  order  that  the  ovum  should  be  fecundated,  it  1b 
iScessury  that  it  should  meet  with  the  seminal  fluid  of  the  male.  This 
aocooiplished  by  the  junction  of  the  sexes  in  the  act  of  coition, 
rherehy  the  seminal  fluid  is  discharged  into  the  neighborhood  of,  if  not 
rifehiu,  the  cervix  uteri.  Before  considering  the  changes  which  are 
produced  in  the  o\'um  by  impregnation,  it  will  be  as  well  to  describe  the 
&ture  of  the  seminal  fluid.  This  consists  essentially  of  the  semen  se- 
"^ret^d  by  the  t€.^i€^%  aud  to  this  are  added  a  material  secreted  by  the 
Tesieula?  seminales,  as  well  as  the  secretion  of  the  prostate  gland,  and  of 
*  Cowper's  glands.  Portions  of  these  several  fluids  are  discharged,  to- 
gether with  the  proper  secretion  of  the  testicles. 

The  semen  is  a  viscid,  whitish,  albuminous  fluid  of  a  peculiar  odor. 
It  contains  epithelium,  granules  or  colorless  particles,  and  large  num- 
[  beiB  of  spertnatozoa,  which  are  the  characteristic  and  essential  elements. 


Tig.  4TI.  Fig.  478. 

.  477.— Spemmtlc  fll&merita  from  the  bumao  vas  defertMUi.    1,  majnilfled  aoo  diameten;  2, 
1  800  diAmeters;  a,  from  the  side;  ft,  from  above.     ("From  K/lUlker,) 
ITS.— Spermatozoa.     1,  Of  salanmader ;  2,  huniaa.     (H.  Olbbee.) 


The  spermatozoa  are  minute  bodies  each  consisting  of  a  flattened  oval 
head  and  attached  to  it  a  long  slender  tapering  mobile  flagellum  or  tail. 
In  some  forms  of  spermatozoa  there  Is  a  small  middle  piece  interposed 
reen  the  bead  and  the  tail.  The  bead  is  about  ^nAm^^i  ^^^^^  (about 
long  and  jQ^j^j^th  inch  (about  2.5/i)  broad.  The  tail  is  about  ^^Vi^th 
f^  Tinnr^^  ^^^^  (5m-6/i)  long.  The  spermatozoa  possess  the  power  of 
active  movement,  and  it  is  by  this  sinuous,  cilia-like  movement  that 
they  arc  propelled  in  the  female  and  so  helped  in  their  progress  to  meet 
the  ovum.     The  lashing  cilium*like  movement  of  a  spermatozoon  may 


go  oil  for  hoars  or  days  in  the  alkaline  fluids  of  the  body.  It  is  stopped 
by  ^ny  of  the  agencies  which  stop  ciliary  movement,  f.^.»  Bci(U,  or 
strong  rtlkalies,  alcohol,  chloroform,  cold  to  0°C.,  and  heat  above  50'^C. 

On  examining  the  spermatozoon  of  Triton  cristatus,  one  of  the  m- 
phibia  which  possess  the  largest  spermatozoa  of  all  vertebrate  animaU, 
H.  Gibbes  found  that  the  organism  consisted  of  {a)  a  long  pointed  head, 
at  the  base  of  which  is  (^),  an  elliptical  striietiire  joining  the  head  to 
(t*),  a  long  tiliform  body;  (f/),  a  fine  filament,  much  longer  than  tbe 
body,  is  connected  with  this  latter  by  («),  a  homogeneous  membrane. 

The  head,  as  it  appears  in  the  fresh  specimen,  has  a  different  refrao- 
live  power  from  that  of  the  rest  of  the  organism,  and  with  a  high  powir 
appears  to  be  a  light  green  color;  there  is  also  a  central  line  mnningitp 
it,  from  which  it  appears  to  be  hollow. 

The  elliptical  structure  at  the  base  of  the  bead  connects  it  withtht 
long  thretyilike  body,  and  the  filament  springs  from  it. 

While  the  spermatozoon  is  living,  this  filament  is  in  constant  mo- 
tion; at  first  this  is  so  quick  that  it  is  difficult  to  see  it,  but  as  its  vital- 
ity becomes  impaired  the  motion  gets  slower,  and  it  la  then  easily  per- 
ceived to  he  i\  continuous  waving  from  side  to  side. 

The  spermatozoa  of  all  mammalia  examined,  consisting  of  man^  ftirff, 
dog^  horsey  cat^  pig^  mousey  raf^  yninm-plg^  had  instead  of  the  long-pointed 
head  of  the  amphibian,  a  blunt  thick  process  of  different  shapes  in  tlit 
different  animals;  and  from  the  root  or  neck  of  this  proceeded  thelo^g 
filament  just  as  in  the  amphibia,  only  so  delicate  as  to  be  invisible  except 
with  very  high  powers. 

In  man  the  head  (fig,  478)  is  club-shaped,  and  from  its  base  springi 
the  very  delicato  filament,  which  is  three  or  four  times  as  long  as  thd 
body;  and  the  membrane  which  attaches  it  to  the  body  is  much  broader, 
and  allows  it  to  He  at  a  greater  distance  from  the  body  than  in  the  sper- 
matozoa of  any  other  Mammal  examined. 

From  his  investigation,  Gibbes  concluded: — Ist,  that  the  head  of  At 
spermatozoon  is  inclosed  in  a  sheath,  which  is  a  continuation  of  tit 
membrane  which  surrounds  the  filament,  and  connects  it  to  the  bodf, 
acting  in  fact  the  part  of  a  mesentery.  2ndly.  That  the  substance  of  the 
head  is  quite  distinct  in  its  composition  from  the  elliptical  structor^ 
the  fi lament  und  the  long  body,  and  that  it  is  readily  acted  on  by  albdifi; 
these  reagents  have  no  effect,  however,  on  the  other  part,  eieinptinj 
the  membraneous  sheath.  3rdly.  That  this  elliptical  structure  has  iti 
analogue  in  the  mammalian  Bpermatozoon ;  in  the  one  case  the  head  i* 
drawn  out  as  a  long  pointed  process,  in  the  other  it  is  of  a  globnlar 
form»  and  surrounds  the  elliptical  structure.  4thly.  That  the  motitt 
power  lies,  in  a  great  measure,  in  the  filament  and  the  membrane  at- 
taching it  to  the  body. 
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The  spermatozoa  are  derived  from  the  breaking  up  of  the  seminal 
ells  or  daughter  cells.  They  must  be  koked  upon  as  modified  cells. 
I  The  occurrence  of  spermatozoa  in  the  impregnating  fluid  of  nearly 
31  classes  of  animals,  proves  that  they  are  essential  to  the  proce&s  of 
iDpregnatioD,  and  their  actual  contact  with  the  ovum  is  necessary  for 
i  development. 
The  seminal  fluid  is,  probably,  after  the  period  of  puberty  secreted 
stantly,  though,  except  under  excitement,  very  slowly^  in  the  tubules 
the  testicles.  From  these  it  passes  along  the  vasa  deferentia  into  the 
Biculse  seminales,  whence,  if  not  expelled  in  emission,  itmaybedis- 
1,  as  slowly  as  it  enters  them,  either  with  the  urine,  which  may 
aove  minute  quantities,  mingled  with  the  mucus  of  the  bladder  and 
he  secretion  of  the  prostate,  or  from  the  urethra  in  the  act  of  defieca* 
tion. 

LTo  the  vesiculie  seminales  a  double  function  may  bo  assigned;  for 
ey  both  secrete  some  fiuid  to  be  added  to  that  of  the  testicles,  and 
lerve  as  reservoirs  for  the  seminal  fluid.  The  former  is  their  most  eon- 
itant  and  probably  most  important  office;  for  in  the  horse,  bear,  guinea- 
pig,  and  several  other  animals,  in  whom  the  vesicular  seminales  are  large 
ind  of  apparently  active  functions,  they  do  not  communicate  with  the 
deferentia,  but  pour  their  secretions,  separately,  though  it  may  be 
lultaneously,  into  the  urethra. 

There  is  a  complete  want  of  information  respecting  the  nature  and 
poses  of  the  secretions  of  the  prostate  and  Cowper's  glands.  That 
hey  contribute  to  the  right  composition  of  the  impregnating  fluid,  is 
ihown  both  by  the  position  of  the  glands  and  by  their  enlarging  with 
ihe  testicles  at  the  approach  of  an  animal ''a  breeding  time.  But  that 
ihey  contribute  only  a  subordinate  part  is  shown  by  the  fact,  that,  when 
ihe  testicles  are  lost,  though  these  other  organs  be  perfect,  all  procrea- 
iive  power  ceases. 

I  Tlie  fluid  part  of  the  semen  or  liquor  seminis  has  not  been  satiafac- 
■rily  analyzed:  but  Heole  says  it  contains  fibrin,  because  shortly  after 
ping  discharged,  flocculi  form  in  it  by  spontaneous  coagulation,  and 
Bare  the  rest  of  it  thinner  and  more  liquid,  so  that  the  filaments  move 
Ib  it  more  actively.  The  chief  constituents  of  the  semen  are  said  to  be  a 
rariety  of  nuchin^  which  does  not  contain  sulphur;  certain /jro^eicfo,  one 
:»f  which  contains  four  per  cent,  of  sulphur;  lecithin;  choksterin;  fai^ 


ind  extractives^ 


CHAPTER  XrX. 

DE\"EL0P3iIENT. 

Changes  which  occur  in  the  Ovum. 

Op  the  changes  which  take  place  in  the  orum,  some  occor 
and  are  as  it  were  preparatory  to  impregnation,  and  others  emm 
impregnation.     It   will  be   as   well  to  consider  the  re^pectire  cliangei 
separately. 

Changes  prior  to  Impregnation, — These  changes  especially  cmxn 
the  germinal  vesicle^  and  have  been  observed  chiefly  in  the  ova  of  luw 
ty|)eis.  The  ovum  when  ripe  and  detached  from  the  OTary  eonsi&la,  it 
will  be  remembered,  of  a  granular  yolk  inclosed  within  the  protopUamic 
zona  pelliicida,  and  contjiiuing  thtj  germinal  vesicle  and  germinal  spjtgitn- 
ated  eccentrically.  The  yolk  granules  are  of  different  sizes,  from  the 
minutest  molecules  up  to  a  diameter  of  yi^^th  to  y^i^^th  of  aa  mck 
(about  25/i).  The  germinal  vesicle  consists  of  reticulated  protopbtim 
inclosed  in  a  distinct  membrane,  and  containing  one  or  more  nucleoli 
or  germinal  spots.  The  primary  change  observed  in  the  orum  oonaiitB 
in  the  travelling  of  the  germinal  vesicle  to  the  surface,  and  the  dxMp 
pearance  of  its  inclosing  membranei  with  a  consequent  indentation  and 
indistinctness  of  its  outline.  Its  protoplasm  becomes  to  a  considemtit 
extent  confounded  with  the  yolk  substance,  and  its  germinal  spot  diup- 
pears.  The  next  step  in  the  process  is  the  appearance  in  the  yolk  d 
two  stai's  in  a  clear  space  near  the  poles  of  the  vesicle  elongated  to  % 
certain  extent,  and  from  this  results  a  nuclear  gpindle^  with  thestan  it 
cither  end  lying  near  the  surface  of  the  yolk.  This  spindle  next  becomel 
verticalt  the  nucleus  divides  into  two  parts,  and  that  nearer  the  gurfao^ 
protrudes  from  the  ovom  enveloped  in  a  protoplasmic  mass,  which  bj 
constriction  forma  the  first  polar  cell,  A  second  polar  cell  arises  in  thi 
same  way.  The  remaining  daughter  nucleus  again  divides — one-half  of 
it  ia  extruded  from  the  ovum,  forming  a  second  polar  cell;  the  other 
half  remains  behind  and  is  called  the  fetnaU  pro-nttcleug.  Thii  fi 
clearly  derived  from  the  original  germinal  vesicle.  It  must  be  remeia- 
bered  that  these  changes  have  been  so  far  observed  only  in  a  certiifl 
number  of  instances.  It  is  very  possible,  not  to  aay  probable,  tbitsccb 
changes  are  universal  in  the  animal  kingdom  (Balfour). 

Balfour^s  view  as  to  the  formation  of  the  polar  bodies  may  be  given 
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hig  own  words: — '*  My  view  amounts  to  the  following,  viz.,  that  after 
formation  of  the  polar-ceils,  tlie  remainder  of  the  germinal  vesicle 

thin  the  ovum  (the  female  pro-nucleus)  is  incapable  of  further  devel- 
kment  without  the  addition  of  the  nuclear  part  of  the  male  element 
permatozoon),  and  that  if  polar-cells  were  not  formed,  parthenogenesis 
ight  normally  occur." 

I  Changes  following  Impregnation. — The  process  of  impregnation 
I  the  ovum  hiis  been  observed  most  accurately  in  the  lower  types.  In 
mmmalia,  although  spermatozoa  pass  in  numbers  through  the  yolk 
t'Velope,  yet  their  further  progress  is  only  inferred  from  observations  on 
le  lower  animals.     Tlie  process  in  asierias  glacialw^  according  to  Bal- 

Er,  is  as  follows: — The  head  of  a  single  spermatozoon  joins  with  an 
ration  of  the  yolk  substance,  the  tail  remaining  motionless,  and  then 
ippearing.  The  head  enveloped  in  the  protoplasm  then  sinks  into  the 
oik  and  becomes  a  nucleus,  from  which  the  yolk  substance  is  arranged 
ara<iiating  lines.  This  is  the  mule  pro-nucleus.  At  Crst,  at  some  dis- 
auce  from  tlie  female  pro-nucleus,  it  after  a  while  approaches  nearer, 
md  tlie  female  pro-nucleus,  which  was  before  inactive,  becomes  active. 
Che  nuclei  at  last  meet  and  unite.  The  result  of  their  union  is  the^rst 
eniaiioH  sphere,  or  Masto-sphere,  It  is  a  nucleated  protoplasmic  cell, 
e  changes  which  have  resulted  in  the  formation  of  the  blasto-sphere 
primitive  segmentation  germ  are  followed  by  the  process  known  as 

entation  of  the  yolk. 
This  process  and  the  earlier  stages  in  development  are  so  fundamen- 
Ij  similar  in  all  vertebrate  animals,  from  fishes  up  to  man,  that  the 
existing  in  our  knowledge  of  the  process  in  the  higher  mammalia, 
m  man,  may  be,  in  part,  at  any  rate,  tilled  up  by  the  more  accu- 
knowledge  which  we  possess  of  the  development  of  the  ovum  in 
ih  animals  as  the  trout,  frog,  and  fowl. 

One  import4itit  distinction  between  the  ora  of  various  vertebra ta  should  be 
mbered.     In  the  hen's  egg,  hesides  tht*  ehell  and  the  wbit^  or  albumen,  two 
T  etroctures  are  to  be  diestiDguisbed — the  gervn,  often  called  the  cieatricula 
tread/'  and  the  yolk,  iiiclt>sed  in  its  vitelline  membrane. 

germ  is  (as  was  mentioned  in  tbe  description  alre-ady  given)  essentially 
11,  coneisting  of  protoplasm  inclosiop^  a  nucleus  and  imcle^^^^lus.  It  alone 
pticipates  in  the  process  of  segmaitation,  the  great  mass  of  the  yolk  (food- 
itk)  remaining  quiU.^  unaffected  by  it.  Since  only  tlie  germ,  which  forma  but 
lEDall  |K>rtion  of  the  yolk,  undergoes  segmentation,  tbe  ovum  is  called  jtiero- 

In  the  mammalia,  on  the  other  hand,  there  is  no  large  unsegmented  mass 
irresponding  to  the  foixlyolk  of  birds  ;  the  entire  ovum  undergoes  eegmenta- 
DH,  and  is  hence  termed  holobladic. 

(  The  eggs  of  fishes,  rejitiles.  and  birds,  are  meroblastic.  while  those  of  am- 
libia  and  mamncialia  are  holoblaatic. 

Of  the  changes  which  tlie  mammalian  ovum  undergoes  previous  to 
50 
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the  forrimtion  of  tlio  embryo^  those  which  occur  whih 
ovary  uri?   iiiikpemlent  of  impregn*tion:  others  take  place  diU 
reuohed  the  Fallopian  tube.     The  knowledge  we  possess  of  tl 

is  derived  almost  exclusively 
vations  on  the  ova  of  the  bitch  ani 
but  it  may  be  inferred  that  i 
changes  ensue  in  the  human  oww 
As  the  ovum  approaches  the 
the  Fiiltopiiin  tube,  it  begins 
new  investment,  consisting  of 
transparent  albuminung  or  glatt 
stance,  which  forms  upon  the^ 
the  zona  pellucida.  It  is  at  flj 
ingly  fine,  and  owing  to  this, 
transparency,  is  not  easily 
but  at  the  lower  part  of  t 
tube  it  acquires  considerable  thit 
Segmentation. — ^The  first  rll 
of  fertilization  is  a  slight  amdR 
ment  in  the  protoplasm  of  th 
this  has  been  observed  in  some  fii 
frog,  and  in  some  mammals.  Imi 
Bueceuding  to  this  the  process  of 
tat  ion  commenoes,  and  is  oompk 
iug  the  passage  of  the  ovnm  thf 
Fallopian  tube.  In  mammals,^ 
the  process  is  an  example  of 
mentation,  the  yolk  becomes 
in  the  middle,  and  ia  surrouiwi 
furrow  which,  gradually  de«H 
length  cuts  it  in  htdf,  while  th« 
cess  begins  almost  immediately 
half  of  the  yolk,  and  cuts  it  ( 
The  game  process  is  repeated 
the  quarters,  and  so  on,  untilj 
continual  cleavings,  the  wh€ 
changed  into  a  malberry-lil 
small  and  more  or  less  round  _ 
sometimes  called  tntelline  sphif 
whole  still  inclosed  by  the  zona  pellucida  {fig.  479),  Each  ' 
tie  spherules  contains  a  transparent  vesicle,  like  an  oiUglobuk 
seen  with  difficulty,  on  account  of  its  being  enveloped  by  the ; 
ales  which  adhere  closely  to  its  surface. 


FIff.  4m'-Dli^rAmi  of  tbe  varf- 
out  aUmrM  of  cle«Ta«;e  of  the  yolk. 


J 
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The  cause  of  thia  aiiigular  subdivision  of  the  yolk  is  quite  obecure: 
iongh  the  immediate  agent  in  its  production  seems  to  be  the  central 
iBfiicle  contained  in  each  division  of  the  yolk.     Originally  there  was  prob- 
\\j  but  one  vesicle,  situated  in  the  centre  of  the  entire  granular  mass 
the  yolk,  and  probably  derived  in  the  manner  already  described  from 
e  germinal  vesicle.     This  divides  and  subdivides:  each  successive  divi- 
on  and  subdivision  of  the  vesicle  being  accompanied  by  a  corresponding 
ivision  of  the  yolk. 

About  the  time  at  which  the  mammalian  ovum  reaches  the  uterus, 

.e  process  of  division  and  subdivision  of  the  yolk  appears  to  have 

a^ed,  its  substance  having  been  resolved  into  its  ultimate  and  smallest 

visions,  while  its  surface  presents  a  uniform  finely-granular  aspect, 

stead  of  its  late  mulberry-like  appearance.     The  ovum,  indeed,  ap- 

at  first  sight  to  have  lost  all  trace  of  the  cleavage  process,  and, 

ih  the  exception  of  being  paler  and  more  translucent,  almost  exactly 

iembles  the  ovarian  ovum,  its  yolk  consisting  apparently  of  a  confused 

of  finely  granular  sabstance.     But  on  a  more  careful  examination, 

is  found  that  these  granules  are  aggregated  into  numerous  minute 

fheroidal  masses,  each  of  which  contains  a  clear  vesicle  or  nucleus  in 

B  centre,  and  is,  in  fact,  an  embryonal  cell     The  zona  pellucida,  and 

le  layers  of  albuminious  matter  surrounding  it,  have  at  this  time  the 

me  character  as  when  at  the  lower  part  of  the  Fallopian  tube. 

The  passage  of  the  ovum,  from  the  ovary  to  the  uterus,  occupies 
ffobably  eight  or  ten  days  in  the  human  female. 

When  the  peripheral  cells,  which  are  formed  first,  are  fully  devel- 
ped,  they  arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of 
lembrane,  and  at  the  same  time  assume  a  polyhedral  shape  from  mutual 
'esfiure,  so  as  to  resemble  pavement  epithelium.  The  deeper  cells  of  the 
interior  pass  gradually  to  the  surface  and  accumulate  there,  thus  in- 
£sreasing  the  thickness  of  the  membrane  alreaily  formed  by  the  more 
perficial  layer  of  cells,  while  the  central  part  of  the  yolk  remains  filled 
ily  with  a  clear  fluid.  By  this  means  the  yolk  is  shortly  converted 
to  a  kind  of  secondary  vesicle,  the  walls  of  which  are  composed  ester- 
tlly  of  the  original  vitelline  membrane,  aud  within  by  the  newly  formed 
Uular  layer,  the  bhisioderm  or  genmnftl  membrane,  as  it  is  called. 

Segmeniafiojt  i?i  /he  Chick. — ^Tho  embryo  chick  affords  an  illustra- 
>ii  of  what  is  known  as  incomplete  or  partial  segmentation,  or  mero- 
iatic  segmentation.  In  the  youngest  ova  the  germinal  vesicle  is  situ- 
&d  subcentrally,  but  as  development  proceeds  it  passes  to  the  periphery, 
c3  the  protoplasm  surrounding  it  remaining  free  from  yolk  granules, 
B  germinal  disc  is  formed.  This  germinal  disc  is  not  marked  out  by 
^y  sharp  line  from  the  remaining  protoplasm,  but  passes  insensibly 
't;t>  it.     The  first  change  consists  in  the  appearance  of  a  furrow  run- 
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ning  across  the  disc  dividing  it  into  two;  it  does  not  extend 
the  whole  breadth.  A  second  furrow,  at  right  angles,  cutting  the 
a  little  eccentriL*tilly,  next  appears,  and  the  disc  is  thus  cut  into  ii 
quadrants*  The  furrows  do  not  extend  through  the  whole  thickiie« 
the  disc,  anil  the  segments  are  not  separated  uut  on  the  lower 
The  quadrants  are  next  bisected  by  radiating  furrows,  and  the  disc 
thus  divided  into  eight  parts.  The  central  portion  of  each  segment  it 
now  cut  off  from  the  peripheral  furrow,  so  that  a  number  of  smaller 
central  and  larger  peripheral  portions  result.  As  the  primary  diridan 
was  eccentric  and  the  succeeding  followed  the  same  plan,  there  resolti 
a  bilateral  symmetry;  but  the  relation  of  the  axis  of  symmetry  aud  the 
long  axis  of  the  embryo  is  not  known.  Bapid  division  of  the  segmenli 
by  furrows  in  various  directions  now  ensues,  and  the  small  central  por- 
tions are  more  rapidly  broken  np  than  the  larger,  and  therefore  become 
more  numerous.  During  this  superficial  segmentation  a  similar  procea 
goes  on  throughout  the  whole  mass,  and  division  goes  on  notonljbr 
vertical  but  also  by  horizontal  furrows.  The  result  of  this  process  of 
segmentation  is  that  the  original  germinal  disc  is  cnt  into  a  large uniU' 
ber  of  small  rounded  protophisraic  cells,  small  in  the  centre,  larger  to 
the  periphery,  and  that  the  superficial  cells  are  smaller  than  tlioao !*• 
low:  the  two  original  layers  of  the  blastoderm  are  thus  early  represented. 
The  process  of  segmentation  proceeds  at  the  periphery  of  the  ger- 
minal disc,  and  at  the  same  time  further  division  of  the  celU  at  tk 


Fl^.  480. —Vertical  siectloD  of  area  tjellueida  and  *rea  opaca  Cletl  extrrmitj  di 
bl«toderm  of  a  frenb-lald  etrjur  (ualDcuDated}.    S,  miperflcial  lny^r  corr»pocidiQf  to  i 
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iX  deeper  leyer,  corresponds iot?  to  hypoblast,  and  probably  in  ]>art  to 
**lornuitlvo  oeUa."  llUed  wlili  yolk  irmnuleA,  and  lyinic  on  the  tt<x>r  of  the 
Ai  tbe  white  yolk  Immediately  uQiierl jiug  the  Be^meDLatioa  carUj.     CStrlcker.) 

centre  proceeds.     The  nucleus  of  the  original  cell  diyides  coincideotll 
with  the  protoplasm,  and  so  it  comes  that  the  protoplasmic  msssefl  i» 
nucleated;  and  hesides  this,  nuclei  derived  from  the  origiual  nocleoi  | 
are  found  in  the  ovum  below  the  area  of  segmentation,  and  from  tii»  | 
by  the  protoplasm   which  surrounds  them  being  constricted  off  wi4  I 
them,  supplementary  segmentation  !n asses  come  to  be  formed.    *n*| 
blastoderm  is  tljus  formed  as  tlie  result  of  segmentation,  and  between 3 
and  the  subjacent  white  yolk  is  a  cavity  containing  fluid.     The  se^^  I 
tation  having  been  completed  toward  the  centre,  although  it  still  pf^ 
ceeds  at  the  periphery,  the  superficial  layer  of  the  blastoderm  becaia* 
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[layer  of  columnar  nucleated  cells,  and  tlie  lower  layer  consists  of  larger 

es  indistinctiy  nucleated,  still  granular  and  rounded,   irregularly 

apofied.     In  the  segmentation  cavity  are  the  Bupplementary  segmenta- 

Dn  masses  or  formative  cells. 

When  the  egg  is  incubated,  rapid  changes  take  place  in  the  blasto- 

resalting  in  the  formation  first  of  all  of  two,  then  of  the  three 

Siyers,  which  have  been  already  mentioned  in  the  first  chapter.     The 

aperficial,  or  epiblast,  does  not  at  first  enter  into  these  changes,  but 


Fig,  481.— Iiaprefipatftl  egj?,  with  fuiumeQeement  of  fonniitloii  ol  embryo;  showlufr  the  ar^a 
aioAtiTR   or   embryonic   Mpot,   the    arcA   peUucida,  and   tho   pritnitlve   ^oove    or    trace. 

itinuea  to  be  a  layer  of  nucleated  nolomnar  cells.  But  in  the  lower 
|rer  of  larger  rounded  cells  certain  of  the  cells  become  flattened  hori- 
Qtally,  their  granules  disappear,  and  tlie  nuclei  become  distinct.  A 
lembrane  of  flattened  nucleated  cells  is  then  formed,  first  of  all  toward 
lie  centre  of  the  area,  afterward  peripherally  also:  this  is  the  hypoblast* 
t^tween  the  two  layers  some  cells,  not  belonging  to  either  layer,  remain, 
^ese  celk  are  almost  entirely  at  the  back  part  of  tbe  area.  The  for- 
i^tion  of  the  intermediate  layer  of  mesoblast  is  more  complicated, 
Cid  will  now  be  described. 

At  this  period  it  is  necessary  to  return  to  the  surface  view  of  the 

fltoderm.     Before  incubation  it  is  seen  to  consist  of  a  more  or  less 

pcular  transparent  area,  the  area  pellucida,  surrounded  by  an  opaque 

which  is  called  the  area  opaca.     The  area  opaca  rests  upon  the 

lite  yolk:  beneath  tlie  area  pelhicida  is  a  cavity  containing  fluid.     In 

centre  of  the  area  pellucida  is  a  white  shining  spot,  or  nndeus  of 

mder^  shining  through.     This  is  the  upper  dilated  extremity  of  the 

ek -shaped  accumulation  of  white  yolk  npon  which  the  blastoderm 


The  yellow  yolk  consists  of  spheres  25/^  to  100/^  in  diameter,  filled  with 

^hly  refractive  granules  of  an  albuminous  nature,  and  the  white  yelk 

ing  distinguished  from  the  yellow  not  only  by  its  lighter  color »  but 

because  its  vesicles  are  smaller  than  those  of  the  yellow.     Each  con- 
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tains  a  highly  refractive  body.  Some  large  spheres  contain  a  number  d 
fipherules.  Some  of  these  are  vacuolated.  The  whit©  yoUc  not  onlyeB- 
Telopes  the  yellow  yolk  in  a  thin  layer,  and  merges  with  the  centi^ 
flask-shaped  mass,  already  mentioned,  but  also  is  fonnd  in  the  yellow 
yolk,  forming  with  it  alternate  layers. 

Except  that  the  central  shining  opacity  of  the  pellucid  area  hafi  di 
appeared,  that  the  size  of  the  area  has  increased,  and  that  the  opaqn 


^  ^ 


F]f7.  482,— TrBoarerw  section  throng  embrjo  chick  (%  hours),  o,  epi blast;  fr,  _,_._ 
c,  bypoblaat;  d,  oeiilrttt  portion  of  mflsoblsiit,  irhich  Is  here  fused  with  epibUst;  c.  priulttt 
groove;  /,  dorsal  rld^.    ClOeln.) 

area  has  also  increased,  no  other  change  can  be  remarked  np  to  the  fo^ 
mation  of  the  two  complete  layei*8>     There  is,  however,  a  slight  ilK 
defined  opacity  at  the  posterior  part  of  the  area  pellucida,  known  astbi 
mtbryanic  shield.     This  opacity  is  probably  due  to  the  interraediiite 
already  mentioned  as  existing  between  tlie  epi  blast  and  hypoblast. 

In  the  posterior  part  of  the  are-a  pellucida  now  appears  au  opaqoi 
streak  which  extends  about  a  third  of  the  diameter  of  the  area  toward 
the  middle  line.  This  is  the  Primitive  streak.  It  is  found  on  trans- 
verse section  of  the  bhiistoderm  in  this  neighborhood  to  be  due  to  a  pro- 
liferation dowTiward  of  cells  two  or  more  deep  from  the  epiblagt,  Th» 
area  pellucida  now  becomes  oval.     Ab  the  primitive  streak  becomee  more 


PJr,  4ti3.— Diagram  of  transverse  sect! oxi  throiijjh  an  embvTo  before  the  dosiiig-lD  of  At 
medulIaiT  gxoov^    m,  cells  of  epihiast  liniag  the  nieduUary  epoorre  whicb  will  form  U>#i!m 
oord;    K,  eplbiaat;  d,  hypoblast;   cA,  notochord;   ti,  protovertcbra ;  ^p,  tneeoblast;  «,  W*  i 
lamioa  dorsallfl^  folding  over  meduUary  groore.     CKollJker.)  I 

defined  the  area  pellucida  changes  its  oval  for  a  pear  shape,  bnf  the 
streak  increases  in  size  faster  than  the  area,  and  so  after  a  time  is  a^^^ 
two-thirds  of  its  length.  In  the  primitive  streak  a  groove,  the  priffli* 
tive  groove,  runs  along  its  axis.  From  the  primitive  streak  the  cell- 
from  the  under  surface  of  the  epiblast  now  extend  as  lateral  wings  tci  tii« 
edge  of  the  pellucid  area;  they  are  not  joined  with  the  hypoblast.    The 
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intermediate  layer  of  cells  in  this  position  producing  the  primitive 
«treak  ia  a  portion  of  the  intermediate  layer  or  mesoblast.  It  ia 
formed  chiefly  from  the  epihlast,  but  laterally,  especially  in  the  front 
part  of  the  primitive  streak,  it  appears  to  be  derived  at  any  rate  in  part 
from  the  cells  of  the  primitive  lower  layer*  At  the  most  anterior  part 
of  the  primitive  streak,  at  the  point  which  corresponds  to  the  future 
posterior  end  of  the  embryo,  the  three  layers  are  all  joined  together. 
The  next  important  change  which  occurs  is  found  in  the  hypoblast  in 
front  of  the  primitive  streak.  The  irregular  layer  of  primitive  cells  of 
which  it  IB  composed,  split  into  two  layers,  the  lower  consisting  of  flat- 


Tie.  484. — Portion  of  th^  i^ermiiiial  meinbraiie,  with  rudlmetiitB  of  the  embryo  j  from  the  ovum 

*f  a  bltcb.     The  primitive  >in"cMJve,  a,  in  Dot  yet  ei*>«sed.^  aud  at  its  ut>i.>t*r  or  ei^pfiaUc  eud   preseuts 

ixree  dilatations,    b.  whfch  correspond  to  the  three  dl visions  or  \  elides  of  tixe  brain.    At  its 

awer  extremity  the  groove  presents  a  lancet-shaped   dilatation   (sinu«  rbotnl>oidall»)  c,     Tlie 

I  of  the  groove  consJsCDr  clear  {>ellueid  nerve-substance.     Aloni^  the  bottom  of  tlie  groome 

rred  a  faint  Btraak,  which    Is   probably   the   cborda  dorsalis.      d>    Vertebral   plates. 

KIschoff.) 

Bned  cells  which  forms  the  hypoblast  proper  and  an  upper  consisting  of 
Bveral  layers  of  stellate  cells,  the  mesoblast. 

In  tbe  preceding  account  of  the  formation  of  the  blastodermic  layers.  Bal- 
'b  description  haa  been  chiefly  followed.  It  diflfers  somewhat  from  that 
T'hich  was  formerly  giTen.  The  mesoblast  was  described  as  arising  from  tiie 
i3*p«:>blast,  together  with  some  of  the  large  forraatire  cells,  which  migrate  by 
una? bold  movement  rountl  the  edge  of  the  hyptiblast  (fig.  485, Jtf),  anil  oo  difTer- 
>nce  was  made  in  the  formation  of  the  mesoblast  in  the  primitive  streak  and 
elsewhere. 

There  now  appears  in  the  middle  line  extending  forward  from  the 
♦:>rimitive  streak  an  opaque  line,  which  proceeds  almost  to  the  anterior 
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edge  of  the  area  pellucida,  stopping  short  at  a  transverse  cresoeBt-staped 
line,  the  future  headfold.     This  line  is  the  commeDcing  notochorl 
It  is  a  coUeetioQ  of  niesobla^tic  cells  from  the  hypoblast  in  the  middle 
line,  and  remains  connected  with  the  latter  after  the  lateral  portioDioI 
the  mesoHlast  have  become  quite  detached  from  it.     The  notochordand 
the  hypoblast  from  which  it  arises  are  continued  posteriorly  into  \h»  I 
primitive  streak.     Thus  the  mesoblast  of  the  area  on  either  &ide  of  the 
middle  line  in  which  tho  embryo  is  formed  arises  from  the  hypobbeUas  I 
does  also  the  notochord.     In  the  formation  of  the  medullary  pUtt] 
which  now  appears,  the  epiblast  is  concerned.     In  the  middle  line  aboftj 
the  collection  of  cells  that  will  become  the  notochord  that  layer  ' 
thickened.      The  sides  of  the  central   thickened  portion  are  elevated 
somewhat  to  form  tlio  medullary  folds  inclosing  between  them  the 
medullary  g^roove.     From  this  medullary  plate  is  formed  the  oentnl 
nervous  system.     Although  behind  the  groove  is  a  shallow  0D«,  if  ii 
be  traced  forward  it  becomes  deeper  and  narrower,  and  at  the  headfoM 
the  folds  curve  round  and  meet  in  the  middle  line.     Ant-erior  to  tbt 
headfold  is  e  second  fold  parallel  to  it,  which  is  the  commencing  amnion. 


./ 


Fl<?  IHS.— Vertical  section  of  bl««toderm  of  chick  flit  cUy  of  IncabatiOD^.  «,  epibbtf  «•• 
ii«tlii«  of  abort  columiuir  celU;  D,  h.jrpoblaM^  eonsistlng  of  «  single  layer  of  flat^ooed  eelb;  JL 
** formative  celts. "*  They  are  teen  on  tne  rif^ht  of  the  Airure,  fwiwing  in  betireen  the  epIMuc  ul 
hjfioblaat  to  form  the  meaoblaHt;  A,  whjt^-  yolk  graaiifes.  Maaj  of  tlus  lai'gQ  *^foniiatlTectU>* 
are  aeeo  contaiDlng  these  granules.     (Strieker.  > 


The  medullary  caoal  is  bounded  by  its  two  folds  or  longitudinal  dd- 
vations,  laminae  dorsales^  which  are  folds  consisting  entirely  of  celbof 
the  epiblast:  these  grow  up  and  arch  over  the  medullary  groove  (fig, 
483)  till  after  some  time  they  coalesce  in  the  middle  line,  converting  it 
from  an  open  furrow  into  a  closed  tube — the  neural  canal  or  the  prim- 
itive cerebro-spinal  axis.  Over  this  closed  tube,  the  walls  of  which  con- 
sist  of  more  or  less  cylindrical  cells,  the  superficial  layer  of  the  epiblast 
is  now  continued  as  a  distinct  membrane. 

The  nnion  of  the  medullary  folds  or  lamime  dorsalia  takes  place  6n!t 
about  the  neok  of  the  future  embryo;  they  soon  after  unite  over  tbe 
region  of  the  head,  while  the  closing  in  of  the  groove  progresses  mach 
more  slowly  toward  the  hinder  extremity  of  the  embryo.  The  medalljTt 
groove  is  by  no  means  of  uniform  diameter  throughont,  but  even  before 
the  dorsal  laminae  have  united  over  it,  is  seen  to  be  dilated  at  the  ant*- 
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Tior  extremity  and  obscurely  divided  by  constrictioDs  into  the  three 
Jriinary  cerebral  vesicles. 

Tiie  part  from  which  the  spioal  cord  is  formed  is  of  nearly  uniform 
dlibre,  while  toward  the  posterior  extremity 
isa  luzenge-shaped  dilataiioiL,  sinus  rhotn- 
botdalis,  which  is  the  last  part  to  close  in 
(fig.  484). 

While  the  changes  which  have  been  de- 
ficribed  ure  taking  place  in  the  area  pellu- 
cida,  which  has  enlarged  to  a  certain  extent, 
the  area  opaca  has  also  cousidcnLbly  extended. 
The  hypoblast  and  mesoblast  have  also  been 
prolonged  laterally,  not  by  mere  extension, 
but  also  from  the  garminat  wall,  which  is 
made  up  of  the  thickened  edge  of  the  blasto- 
derm, together  with  formative  cells  of  the 
yolk;  on  each  side  of  the  notochord  and 
medollary  canal,  the  mesoblast  remains  as  a 
|Jongitudinal  thickening. 

It  now  however  splits  horizontally  into 
Itwo  layers  or  laminae  {parietal  and  visceral) : 
[of  these  the  former,  when  traced  out  from 
[the  central  axis,  is  seen  to  be  in  close  appo- 
ifition  with  the  epiblast,  and  gives  origin  to 
|flie  parietes  of  the  trunk,  while  the  latter 
Iheres  more  or  less  closely  to  the  hypoblast, 
ad  gives  rise  to  the  serous  and  muscular 
rails  of  the  alimentary  canal  and  several 
other  parts. 

The  united  jt?ffriW^/  layer  of  the  mesoblast 

ritb  the  epi blast  is  termed  sotnatopleurei 

be   united   visceral  layer    and    hypoblast, 

iplanchnopleure.    The  space  between  them 

the  pleuro-pentoneal   cavity,  which 

Bcomes  subdivided  by  subsequent  partitions 

Jin  to  pericardium,  pleura,  and  peritoneum. 

The  splitting  of  the   mesoblast   extends 

Imost  to  the  medullary  canal,  bnt  a  portion 

either  side  ( P.  i\  fig.  4H7)  remains  iindi- 

ided,  the  vertebral  plate.     The  divided  portion  is  known  as  the  late- 

ll  plate.     T)u^  longitudinal  thickening  of  the  vertebral  plate  is  seen 

fter  a  while  to  be  divided  at  right  angles  to  the  medullary  canal  by 

[bright  transverse  lines  into  a  number  of  square  segments.     These  seg- 


,,     ...    Embiyo  chick  (8ft 
hours),  viewed  from  beii<stli  mm  a 


tTaiiK]]ar^Dt    object    (Dia^n^Lilled^. 

fit,  ciutUne  of  peHucld  ftre«»  FB, 
ore-hraln.  or  rlnat  c<?rt»bral  nesi- 


cle :  from  its  ajdee  pro jt^ct  op,  the 
OTitic  vt*Hicle;  StX  Iwickward  Uuilt 
or  Houiotoplounfi  fold,  "ttickr-d  iu" 
under  bead;  a,  ihead-folcl  of  true 
anioiOQ.;  a\  reflected  layer  of  am' 
Dion.  BouietlxQeft  termed  "fala^ 
aumioti;*'  «|>,  backward  Hmit  of 
ep I  anehnopleiire  f o1  ds^  a  1  o  n  g^ 
which  rtjn  the  ouiphalomeKaralc 
vetna  unit  lug  to  form  ft,  the  heart, 
which  Ih  coDtinued  forward  tnto 
£ki,  the  liulbuB  arterlPHUR;  d,  the 
fore-^it,  lyltig  behind  tbe  heart, 
aort  haviug  a  wJde  cre»centio 
otH'iiiug  between   the   splanohuo 

Sleure  folds;  HB,  hind*brain; 
ffl,  mlcl-brain;  pv,  jirotovert-e- 
bne  \y\uK  Iwbirm  tbe  fon*-ffut; 
mc»  Uu**  of  junction  of  medullary 
foldH  and  of  notochord;  vpl^  Tcr- 
tebral  plate«;  pr,  the  prlmJUTe 
grixtve  at  its  caudal  end.  (Foiter 
and  Balfour.) 


(fig.  486).  That  which  is  first  formed  corresp* 
cal  vertebra.  From  these  somites  the  vertebra 
are  derivci:L 

Head  mid  Tail  Folds.  Body  Cavity. — Evei 
fiists  essentially  of  a  longitudinal  axis  (rertebr 
canal  above  it,  and  a  body-cavity  (containia 
beneath. 

We  have  seen  bow  the  earliest  rndiments  I 
neural  canal  are  formed ;  we  must  now  consid- 


Ffg.  48P.— IHafTrftmmntlc  loofttadliiAl  Becttcm  tturm^b  the  a 

B  oommeiiced,  but  the  tail -fold  baa  not  ret  appev^.     FSo, 

fold  of  the  Bplauehuoplmirc' ;  the  line  of  rer«»reiic«,  Fhto,  lies  ot 
wbtcb  marks  off  the  ovtTh&n(?iiiR  head  from  tbo  nmnloti:  D, 
whieh  \m  to  beconit'  th»'  foiv-g^ut :  Fm  and  Fwp,  are  both  ports  o 
left  of  the  flirure  ils  developmeol  procaeda;  /ip,  spac**  hetweeo  so 
pleurQ-ppritoneal  eavfty;  Am^  comtnenoliiir  head-fold  of  amn 
chord;  H^  heart:  ^-l,  B,  C,  eplblast,  mesobUut,  hypoblagi.     0 

cavity  is  developed.  In  the  earliest  stages  the 
surface  of  the  yolk,  and  is  not  clearly  markec 
blastoderra :  but  gnidnally  the  head-fold  or 
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concavity  backward)  is  formed  in  the  blastoderm,  limiting  the  head 

>f  the  embryo;  the  blaatoderm  ie,  as  it  were,  tucked  in  under  the  head, 

rhich  thus  comes  to  project  above  the  general  surface  of  the  membrane: 

.similar  tucking  in  of  blastoderm  takes  place  at  the  caudal  extremity, 

id  thus  the  head  and  tail  folds  are  formed. 

Similar  depressions  mark  off  the  embryo  laterally,  until  it  ia  com- 
pletely surrounded  by  a  sort  of  moat  which  it  overhangs  on  all  sides,  and 
|thich  clearly  defines  it  from  the  yolk. 

This  moat  runs  in  further  and  further  all  round  beneath  the  over- 
Ihanging  embryo,  till  the  latter  comes  to  resemble  a  canoe  turned  upside- 


Fi|5.  4SB.— Diagrammatic  sectioin  aho^ini;;  the  relation  Id  a  mammfll  between  the  primitlTe 
lllmentary  canal  and  the  inemhranes  of  the  ovujtn.  The  nt&ee  represented  in  this  dia^am  eor- 
^  Kinds  to  tbut  of  the  flft^^'nth  or  *i<i'vt*nt<»enlh  day  in  the  nutnan  euibryf>,  pna'vious  to  thn  ex- 
siion  of  the  aUantoiii;  e.  the  villous  chorion:  <i/the  amoion;  a\  th*?  placB  of  convergent «  of 
s  aouDlon  ajid  n'fleetion  td  th<^  false  amBion  n'  a',  or  otittr  or  corneous  layer;  e,  the  head  and 
"i  of  the  embrj'o,  compridin^  thu*  primative  vertehra?  and  cenVhro -spinal  axis;  i.  i,  the  simple 
lllmeatary  ca^nal  in  \t»  upiwir  and  Iriwer  p{irtinti!!i.  Immediately  iH^nenth  th«  ri^ht  hand  i  la 
en  the  fcptal  heart,  lyln|?  in  th»^  ant^^rior  part  of  th#'  pleiiro-i>eritoneal  cavity;  i'  the  jolk*sac 
.  ■  mnbiUcal  ve»kd«^;  r  i,  the  Titellolntestinal  oiieninfr:  «,  the  allantoic  connected  bj'  a  i>edicl© 
^Ith  the  anal  portion  of  the  alimentary  canal.     (Qu&ln.) 


iown,  the  ends  and  middle  l>eing,  as  it  were,  decked  in  by  the  folding 
ur  tucking  in  of  the  blastoderm,  while  on  the  ventral  surface  there  is 
Itill  a  hirge  communication  with  the  yolk,  corresponding  to  the  well  or 
andecked  portion  of  the  canoe. 

This  communication  between  the  embryo  and  the  yolk  ia  gradually 
contracted  by  the  further  tucking  iu  of  the  blastoderm  from  all  sides, 
till  it  becomes  narrowed  down,  as  hy  an  inyisible  constricting  baud,  to 
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a  mere  pedicle  which  passes  out  of  the  body  of  the  embryo  at  the  point 
of  the  future  umbilicus. 

The  d(^»wnwardJy  folded  portions  of  blastoderm  are  termed  the  fis- 
ceral  plates. 

Thus  we  see  that  the  body-cavity  ia  formed  by  the  downward  folding 
of  the  visceral  plates,  just  as  the  neural  cavity  is  produced  by  theap- 
ward  ^owth  of  the  dorsal  laminfe,  the  difference  being  that*  in  the  ns- 
octal  or  ventral  laminae,  all  three  layers  of  the  blastoderm  are  ooncembd. 

The  folding  in  of  the  splauchnopleure,  lined  by  hypoblast,  pinchei  I 
off,  as  it  were,  a  portion  of  the  yelk-sac,  inclosing  it  in  the  body-cafitj. 
This  forma  the  rudiment  of  the  alimentary  canal,  which  at  this  period 
ends  blindly  toward  t!ie  head  and  tail,  while  in  the  centre  it  conuDoni- 
cates  freely  with  the  cavity  of  the  yolk-sac  through  the  canal  termed 
vitelline  or  omphalo-mesentedc  duct. 

The  yolk-sac  thus  iK^romes  divided  into  two  portions  which  oommuni- 
cate  through  the  vitelline  duct,  that  portion  within  the  body  giving 


>^. 


IX^ 


Flip.  4W, 


Flit,  lat 


Wign 


49U,  191  and  4n£.^DlJi|rnunii  ethowiof?  three  aaooMifve  9Um?(!»  nf  derelopm^itk 
vertical   nevtloo*.     The  yolk-Hac.    j//»,  in  tueen  pfognMlvelv  mininiiiihinK    in  siae. 
embryo  Itself  th#  ine<duUiiry  canal  ami  notocbord  are  seeo  ta  «nnion,     a'\  in  n]jdin«  ftronw 
ftlini*nit/u-y  rmnal.  becoming  plnchetl  off,  a»  it  were,  from  th**  volk-sac;  a'  In  ri^bt-haad  flfi 
alkii^'iitarv  caiuil   t'ornpleteiy  cloHivl ;  n.  In  lost  two  l|ffUJf!i»t,  luiininti;  ric,  cavity  of 
witli  aiijiiloric  llriid^  pp,  icpaoe  betwi^fi  aainion  and  ctiorlo  ■  -     - 

Deal  i-avit^-  IfiKidv  the  body;  vt.  vitelline membraoe; 
ami  Balfour.) 


DftM 


,  icpace  betwi^fi  aomion  and  cborlon  continuous  with  the  pleuro-pcnltf- 
yai,  yolk-sac,  or  iimbllloa]  rancle.    iniMr 


L 


rise^  afl  above  stated,  to  the  digestive  canal »  and  that  outside  the  body 
remaining  for  some  time  as  the  mnhiUcal  vehicle  (fig.  49^,  yj»-).  The 
hypoblast  forming  the  epithelium  of  the  intestine  is  of  course  coutinuoui 
with  the  lining  membrane  of  the  umbilical  vcgicle,  while  the  viaoenil 
plate  of  the  mesoblast  is  continuous  with  the  outer  layer  of  tho  umbilical 
vesicle. 

All  the  above  details  will  be  clear  on  reference  to  the  accompanying 
diagi*ams. 

At  the  posterior  end  of  the  embryo  chick,  when  the  amniotic  fold  ift 
commencing  to  he  formed,  and  the  hind  fold  of  the  splanchnoplenr©  hu 
commenced,  there  remains  for  a  time  a  communication  between  the 
neural  canal  and  the  hind  gut,  which  is  called  the  neurenteric  canal* 
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in  at  the  point  where  the  notoehord  falls  into  the  primitive 
at.      Tlie  anterior  part  of  the  primitive  streak  beconjes  the  tail 
ing,   the  posterior  part  atrophies,   and  the  corresponding  lateral 
lart  of  the  blastoderm  forms  part  of  the  body- wall  of  the  embryo. 

The  anterior  part  of  the  medullary  canal  having  been  completely 
>fed  ill,  the  foremost  portion  nmlergoea  dilatation,  and  a  bulb,  the 
rst  or  anterior  cerebral  vesicle*  results.  From  either  side  of  this 
dilatation  a  process,  the  cavity  of  which  is  in  communication  with  it, 
is  separated  oil,  which  is  called  the  optic  vesicle. 

Behind  the  lirst  cerebral  veside  two  other  vesicles  now  arise,  the 

jcond  or  middle,  and  the  third  or  posterior  cerebral  vesicle,  and 

l«i  the  posterior  part  of  the  head  two  small  pits,  the  auditory  vesicles 

lor  pits,  are  to  be  seen.     The  folding  of  the  head,  it  should  be  recol- 

Ifected,  is  the  cause  of  the  inc!osure  below  the  neural  canal  {fig.  ABH}  of 

la  canal  ending  blindly,  wliich  htis  in  front  the  Bjjlanchnoplcure,  and 

[which  is  just  as  long  as  the  involution  of  that  membrane.     This  canal 

is  the  fore-g^ut.     lu  the  interior  of  the  splanchtiopleure  fold  below  it 

(as  seen  in  tig.  488)  in  the  pleuro -peritoneal  cavity  the  heart  is  formed, 

At  the  point  where  the  splanchnopLeure  makes  it«  turn  forward.     It 

[arises  as  a  thickening  of  the  mesoblast  on  either  side  as  the  two  splanehno- 

plenre  folds  diverge,  and  of  a  thickening  of  the  mesoblast  at  the  point 

[of  divergence.     So  that  at  first  the  rudiment  of  the  heart  is  like  an 

I  inverted  V,  which  by  the  gradual  coming  together  of  the  diverging 

[cords  is  converted  into  an  inverted  Y, 

The  cylinders  become  hollowed  out,  and  are  thus  converted  into 
[tubes,  Tvbich  then  coalesce.  Layers  are  separated  off  toward  the  interior, 
which  become  the  epithelial  linings  and  the  mass  of  tixe  mesoblast  sur- 
I  round  ing  this,  afterward  form  the  muscle  and  serous  covering,  while  at 
[first  the  rudimentary  organ  is  attached  to  the  gut  by  a  meaoblastic  mes- 
[fintery,  the  nusocurdium. 

FCETAL   MeMB RAKES. 

Umbilical  Vesicle  {Yolk-snc). — The  splanchoopleure,  lined  by  hy- 

[poblast,   forms  the  yolk-sac  in  reptiles,   birds,  and  mammals;    but  in 

1  amphibia  and  fishes,  since  there  is  neither  amnion  nor  ftnantoisy  the  wall 

of  the  yolk*sac  consists  of  all  three  layers  of  the  blastoderm,  inclosed,  of 

course,  by  the  original  vitelline  membrane. 

The  body  of  the  embryo  becomes  in  great  measure  detached  from 
[the  yolk-sac  or  umbilical  vesicle,  which  contains,  however,  the  greater 
iipArt  of  the  substance  of  the  yolk,  and  furnishes  a  source  whence  nutri- 
rment  is  derived  for  the  embryo.  This  nutriment  is  absorbed  by  the 
I  mimerous  vessels  (ompbalo- mesenteric)  which  ramify  in  tlie  walls  of  the 
[yolk-sac,  forming  what  in  birds  ia  termed  the  area  vasculosa.     lu 
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cat*  «^VomP^*^t!l^ai^''^ 


^^'°"'        .  ,  to  the  a 

.^  as  above  stated,  to 
nee, »."     .      gome  ""'..,.«, 

^t^crtatnB.  .      end  oi  ^ 
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^while  the  outer  or  reflected  layer, 
cioalesceB  with  the  inner  surface  of 
'^m  the  subzonal  membrane  or 
^miniotic  folds  must  of  course  be 
:xilar  process,  already  described,  by 
8  of  the  neural  canal  are  formed, 
^n  and  the  external  surface  of  the 
.  the  amniotic  cavity  (aCj  fig.  492). 
I  the  embryo,  but  it  becomes  grad- 
'%i)y  which,  as  pregnancy  advances, 

ning  small  quantities  of  albumen 
g  gestation  appears  to  be  the  me- 
»rt  to  the  embryo  on  all  sides,  and 
*om  the  effects  of  blows  and  other 
r. 

egnancy  is  thus  immersed  in  fluid, 
mportant  purpose  of  gradually  and 
to  allow  of  the  passage  of  the  foetus : 
ic  sac  bursts,  and  the  waters  escape, 
d  492,  it  will  be  obvious  that  the 
:  and  the  false  amnion,  is  continu- 
'  at  the  umbilicus.  This  cavity  is 
;h,  and  contains  a  small  quantity  of 
urtnrition  either  before,  or  at  the 

itoneal  space  the  allantois  sprouts 
g  the  development  of  the  amnion, 
ider  portion  of  the  intestinal  canal 
.cates,  the  allantois  is  at  first  a  solid 
'e;  but  becoming  vesicular  by  the 
growth  of  hypoblast,  and  very  soon 
;  insinuates  itself  between  the  amni- 
8  into  close  contact  and  union  with 
18  itself,  as  before  said,  become  one 
mne  of  the  egg.  As  it  grows,  the 
A  its  external  wall  and  becomes  ex- 
8)  it  envelops  the  whole  embryo— 

liter  investing  membrane  of  the 
hell  with  a  vascular  membrane, 

-irface  in  which  the  blood  may 

other  mammalia,  the  vessels 

only  to  a  special  part  of  the 


800 


HAKDBOOK   OF  PHYSIOLOGY* 


outer  membrane  or  false  chorion^  where,  bj  interlacement  with  the  %w_ 
cuLar  system  of  the  mother,  a  structure  called  the  placenta  ig  derelo 
In  mammaliu,  m  the  visceral  laminae  close  in  the  abdominal  < 
the  allantoic  is  thereby  divided  at  the  umbilicus  into  two  jiortions;^ 
outer  part,  extending  from  the  umbilicus  to  the  chorion^  soon  skrivelilDg; ' 
while  the  inner  part  remaining  in  the  abdomen,  id  iu  part  conTerit^  j 
the  urinary  bladder;  the  portion  of  the  inner  part  not  so  oodt 
extending  from  the  bladder  to  the  nmbilicns,  under  the  naoie  ut  i\t 
urachus.     After  birth  the  umbilical  cord,  and  with  it  the  cxtemiil| 
slirivelled  portion  of  the  allantois,  are  cast  off  at  the  umbilirtts 
the  urachus  remains  as  an  Impervious  cord  stretched  from  the  tip! 
the  urinary  bladder  to  the  umbilicus,  in  the  middle  line  of  the  bodj, 


hi*?   4tl6. 


Fig. 


Tig.  49Ei.— Diligram  of  recundati<d «gi?.    a,  timbiHcal  Tesicte;  6,  amniociccftfitf;  <;  illiBiali 

Fig.  «lt— Fecsundaled  e^  with  a11«DtoU  aewlv  eomplet**,    a,  inner  laj-^r  of  amniLitlc  foM; 
i,  oiiler  Imyer  of  ditto;   c.  point  wh«>r4>  th«  aamiotic  folds  come  in  contoeL     TbcftllMloUa 
en  ]>eoetr«ting  between  the  t.i)U*r  ami  Inner  Ujer*  of  Uie  Amniotic  fold*.     Thi*  flzon,  wW* 
ervHOla  onlv  the  autniotio  (iAda  iimi  the  pattA  wIUlIq  them,  abould  be  oompftrea  witb  4^ 
r,  lOBi  In  which  wiU  hv  found  the  atruetiu^H  external  to  these  folds.     cI><UtoCL> 

immediately  beneath  the  parietal  layer  of  the  peritoneum.  It  is  eoflw^ 
tinius  enumerated  among  the  ligaments  of  the  bladder. 

It  must  not  be  supposed  that  the  phenomena  which  have  been  Bi^ 
cessively  described,  oceur  in  any  regular  order  one  after  another.  Ob 
the  contrary,  the  development  of  one  part  is  going  on  side  by  side  witk 
that  of  another. 

The  Chorion. — It  has  been  already  remarked  that  the  aUantoii  ii 
a  structure  which  extends  from  the  body  of  the  foBtus  to  the  oalerlii' 
vesting  membrane  of  the  ovum,  that  it  insinuate  itself  between  tiietto 
layers  of  the  amniotic  fold,  and  becomes  fused  with  the  outer  law, 
wliich  has  itself  become  previously  joined  with  the  vitelline  membrane. 
By  these  means  the  external  investing  membrane  of  the  ovum,  or  tte 
true  chorion,  as  it  is  now  called,  represents  three  layers,  namely,  tht 
original  vitelline  membrane,  the  outer  layer  of  the  amniotic  fohl  ^ 
the  allantois. 

Very  soon  after  the  entrance  of  the  ovnm  into  the  iu<:rus,  ta  iut 
human  subject,  the  outer  surface  of  the  chorion  is  found  beset  witli  fiw 
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ses,  the  so-called  ehorkm  vilU  {a^  figs,  497,  498),  wliich  give  it 
ingh  and  shaggy  appearance.  At  first  only  cellular  in  structure,  these 
le  outgrowths  subBeqtiently  become  vaaeular  by  the  development  in 


Fig.  m. 
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flm.  iffi  nad  498.— <i,  chorion  with  viUi.  The  tIUI  are  »hown  to  be  beet  developed  In  the 
\4x  Uift  chorion  to  whkh  ttu*  allantoift  In  ext«nd!liiic:  thla  portion  ukimat«'1jr  becomes  ttie 
Mlto;  6,  ifMoe  between  the  two  layers  of  th**  amnion  :  r.  Amnicith'  canity :  d.  eltuation  of  th« 
plikBt  wOWlaHr  It*  coiiDe«rtlon  with  thi3  umhilkal  vestcle;  «•,  umbjihcal  Tcsslcle;/,  situation  of 
^ftiidT«iiel8;  g,  allantols. 

)en  of  loopa  of  capillaries  {fig,  499);  and  the  latter  at  length  form  the 
mte  extremitiea  of  the  blood-vessels  which  are,  so  to  speak,  conducted 
ED  the  foBtua  to  the  chorion  by  the  alhintois.  The  function  of  the 
I  of  the  chorion  is  evidently  the  absorption  of  nutrient  matter  for 
foetus ;  and  this  is  probably  supplied  to  them  at  first  from  the  fluid 
tier,  secreted  by  the  follicular  glands  of  the  uterus,  in  which  they 

soaked.     Soon,  however,   the  fcetal  vessels  of  the  villi  come  into 
te  intimate  relation  with  the  vessels  of  the 
rus.     The  part  at  w^iich  this  relation  between 

vessels  of  the  foetus  and  those  of  the  parent 
nes,  ia  not,  hoTvever,  over  the  whole  surface  of 

chorion;  for,  although  all  the  villi  become 
Dular,  yet  they  become  indistinct  or  disappear 
bpt  at  one  part  where  they  are  greatly  devel- 
)df  and  by  their  branching  give  rise,  with  the 
lels  of  the  uterus,  to  the  formation  of  the 
wenia. 

To  understand  the  manner  in  which  the  fmfal 
1  maiernal  blood-vessels  come  into  relation 
h.  each  other  in  the  placenta,  it  ia  necessary 

Bfly  to  notice  the  changes  which  the  uterus  undergoes  after  inipreg- 
Son.  These  changes  consist  especially  of  alterations  in  structure  of 
\  superficial  part  of  the  mucous  membrane  which  lines  the  interior  of 
|i  uterus,  and  which  forms,  after  a  kind  of  development  to  be  immo- 
51 
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diately  described,  the  membrana  dmdua^  bo  colled  oa  accooiit  of  iti 
being  diacharged  from  the  ateruB  at  birth. 

Formation  df  the  Placenta, 

The  muconfl  membraue  of  the  human  uterus,  which  conasti  tfl  %  \ 
matrix  of  connective  tisgue  containing  numerous  corimscles,  and  islind 
internally  by  columnar  ciliated  epithelium,  is  abundantly  beset  vith 
tubular  glands,  arranged  perpendicularly  to  the  snrface  (fig.  500).  ThfH  i 


u 


T\f^,  TiOl).— Stictloo  of  the  Uaiag  raemliratie  of  n  hiimiiii  uterus  «t  the  period  of  < . 
presikAncy  ihowtn?  the  UTAnntemetit  and  other   peeullArttlec  of   the  ^IumSa,  d,  d,  it  vUktl 
orlfloes,  a,  a,  a,  on  the  l&teroal  «urface  of  the  orgfui.     Twice  the  iiatiirttl  sine 

fallicles  are  very  small  in  the  onimpregiiated  uterus;  but  when  ex&miDd 
shortly  after  impregnation,  they  are  found  elongat^^d,  enlarged^  aoi 
much  wayed  and  contorted  toward  their  deep  and  cloeed  extremitT, 
which  18  planted  at  some  depth  in  the  tissue  of  the  uterus,  aud  mij 
dilate  into  two  or  three  closed  sacculi. 

The  glands  are  lined  by  columnar  (  (?)  ciliated)  epitheHum  and  they 
open  on  the  inner  surface  of  the  mucouH  membrane  by  small  round  ori- 
fices set  closely  together  {a^  a^  fig.  500). 

On  the  internal  surface  of  the  mncouB  membrane  may  be  seen  tbt 
circular  orifices  of  the  glands,  many  of  which  are,  in  the  early  period  of 
pregnancy,  surrounded  by  a  whitish  ring,  formed  of  the  epitheiiao^ 
which  lines  the  follicles. 

Coincidently  with  the  occurrence  of  pregnancy,  important  ch 
occur  in  the  Htnicture  of  the  mueons  membrane  of  the  uteras. 
epithelium  and  aub-epithelial  connective  tissue,  together  with  thetolra-" 
liir  glands,  increase  rapidly,  and  there  ia  a  greatly  increased  r^ 
of  tlie  whole  mucous  membrane^  the  vessels  of  the  mucous  u 
becoming  larger  and  more  numerous;  while  a  substance  composed  ehiefly  I 
of  nucleated  cells  fills  up  the  interfollicular  spaces  in  which  tltp  bM- 
vessels  are  contained.     The  effect  of  these  changes  is  an  increased  thick- 
nes,  softness,  and  vaacularity  of  the  mucous  membrane,  the  saperficiil  j 
part  of  which  itself  forms  the  membrana  decidoa. 

The  object  of  this  increased  develu])uient  seems  to  be  the  prodactioiO 
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of  nutritive  materials  for  the  ovumj  for  the  cavity  ol  the  uteras  shortly 
becomes  filled  with  secreted  fluid,  coaaiating  almost  entirely  of  nucleated 
cells  in  which  the  chorion  villi  are  imbedded. 

When  the  ovum  first  enters  the  uterus  it  becomes  imbedded  in  the 
gtmcture  of  the  decidua,  which  is  yet  quite  soft,  and  in  which  soon 
afterward  three  portions  are  distinguishable.  These  have  been  named 
[the  decidtm  vera^  the  dfiddtia  reflexa^  and  the  decidua  seroUtm, 

The  first  of  these,  the  decidua  vera,  lines  the  cavity  of  the  uterus; 
f  the  second,  or  decidua  refiexa,  is  a  part  of  the  decidua  vera  which  grows 
tup  around  the  ovum,  and  wrapping   it   closely,  forms  its  immediate 
investment. 

The  third,  or  decidua  serotina,  is  the  part  of  the  decidua  vera  which 
becomes  especially  developed  in  connection  with  those  villi  of  the  cho- 
rion, which,  instead  of  di8api>earing,  remain  to  form  the  foetal  part  of 
the  phcenta* 

In  connection  with  these  villous  processes  of  the  chorion,  there  are 

developed  depressions  or  cri/pis  in  the  decidual  mucous  membrane,  which 

I  correspond  in  shape  with  the  villi  they  are  to  lodge;  and  thus  the  chori- 

ronic  villi  become  more  or  less  imbedded  in  the  maternal  structures. 


¥lg.  501.— DiftKram  of  imearljr  BtAjBfe  of  the  formation  of  the  bumftn  placeutft.  a,  embryo; 
&,  amnloo;  c,  pla^eptal  Teasels:  d^  decidua  redexA;  e,  allontota;  /,  ploceDtal  xllU;  g,  mucous 
Mietnbr&ne.     (Cadiiat.) 

These  uterine  crjrpts,  it  is  important  to  note,  are  not,  as  waa  once  sup- 
posed, merely  the  open  mouths  of  the  uterine  follicles. 

As  the  ovum  increases  in  size,  the  decidua  vera  and  the  decidua 
refiexa  gradually  come  into  contact,  and  in  the  third  month  of  preg- 
nancy the  cavity  between  them  has  almost  disappeared.  Though  the 
two  layers  come  into  contact  at  the  third  month,  they  are  not  closely 
amalgamated  until  the  end  of  the  sixth  month. 

The  Placenta. — During  these  changes  the  deeper  part  of  the  mu- 
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oouB  Eiembrano  of  the  utems,  at  and  uear  the  region  where  the  pUoeata 
ifl  placed,  becomes  hollowed  out  bj  Binaaes,  or  cavernous  spacefi,  which 
commnaicate  on  the  one  hand  with  arteriee  and  on  the  other  with  Teios 
of  the  uterus.  Into  these  sinuses  the  villi  of  the  chorion  protrude, 
pushing  the  thin  wall  of  the  sinus  before  them,  and  so  come  into  inti* 
iimte  relation  with  the  blood  c:ontained  in  them.  There  w  m  iirad 
communicaiion  between  the  blood-ve^eh  of  the  mother  and  thou  (^  fk 
fmiua;  but  the  layer  or  layers  of  membrane  intervening  between  tiwj 


</> 
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PIk.  5(B.— niAfiT«unin&tlc  view  of  a  ▼ertical  traaBrerae  sectloD  of  Ihe  tttcnis  At  tiy§ 
or  eighth  waek  of  pre^iuicy.    c,  c.  c',  c&r  tty  of  uterus^  which  becomes  %im  oAritj  of  Cbo  1 
openlOR:  «t  c,  Ci  Ihe  oomua,  into  m&  FailopUui  tubes,  and  at  &  into  the  oATlty  of  Uie 
Whlclitii  doted  bjr  a  plug  of  miiciu;  d  v,  deddtui  vem:  d  r,  declduA  redexA,  with  Uie  ipMP 
▼lUl  Imbedded  lo  Its  mbatazkce;  d  Cj[decidua  wrotlna.  mTolTlDg  Uie  more  developed  chorioBl 
Till  I  ^r  the  ixnnmeticftiR  pUcentA.    The  fOBttia  1b  seen  lying  in  the  amniotic  sac;  pMsiagapfni 
lEo  umbilical  cord  and  its  ▼oaioli,  pftnlng  to  their  dlatributtoo  la  tat 


I  fOBttis  iBseen 
the  umbilicus  iA  «een 

of  tfa(»  chorioD;  aiso  the  pedicle  of  tlie  joUc-uc. 
a&d  chorion.     ( Alien  TbomiODj 


umbilical  cord  and  its  ▼oaioli,  jDMiIng  to  their  dlatributtoo  la  t 
which  lies  In  the  carl ty  betwwa  Che  1 


in  the  amniotic  sac ; 
:  to  their  dlatril 
the  carftybeti 


Till 


nUiofll 


blood  of  the  one  and  of  the  other  offer  no  obstacle  to  a  free  ini 
of  raatters  between  them  by  diffusion  and  osmosis.  Thus  the  villi  1 
chorion  containing  fostal  blood,  are  bathed  or  soaked  in  maternal  bloo( 
contained  in  the  uterine  sinuses.  The  arrangement  may  be  roughli 
compared  to  filling  a  glove  with  fcetal  blood,  and  dipping  its  finger 
into  a  vessel  containiDg  maternal  blood.  But  in  the  foetal  villi  there  ill 
constant  stream  of  blood  into  and  out  of  the  loop  of  capillary  blood-v 
contained  in  it,  as  there  is  also  into  and  out  of  the  maternal  sinaMfc 


It  would  seem  that,  at  the  villi  of  the  placental  tufts,  where  the 
I  f CBtal  aud  maternal  portions  of  the  placenta  are  brought  into  close  rela- 
I  tion   with   each    other,    the   blood    in    the  vessels   of   the    mother    is 
separated  from  that  io  the  vessels  of  the  fcptus  by  the  intervention  of 
two  distinct  sets  of  nucleated  cells  (fig.  503)*     One  of  these  (b)  belongs 
[to  the  maternal  portion  of  the  placenta,  is  placed  between  the  membrane 
of  the  villus  aud  that  of  the  vascular  system  of  the  mother,  and  is  prob- 
ably designed  to  separate  from  the  blood  of  the  parent  the  materials 
destined  for  the  blood  of  the  foetus;  the  other  (/)  belongs  to  the  foetal 
[portion  of  the  placenta,  is  situated  between  the  membrane  of  the  villus 
id  the  loop  of  vessels  contained  within,  and  probably  serves  for  the 
[absorption  of  the  material  secreted  by  the  other  sets  of  cells,  and  for  its 
[conveyance  Into  the  blood-vessels  of  the  foetus.     Between  the  two  sets  of 
[cells  with  their  investing  membrane  there  exists  a  space  (c?),  into  which 
Fit  is  possible  that  the  materials  secreted  by  the  one  set  of  cells  of  the 
villus  are  ponr^^^d  in  order  that  they  may  be  absorbed  by  the  other  set, 
and  thus  conveyed  into  a  foetal  vessel. 

Not  only,  however,  is  there  a  passage  of  materials  from  the  blood  of 
the  mother  into  that  of  the  foetus,  but  there  is  a  mutual  interchange  of 


Fig.  503.— Extremity  of  a  ploM^ental  vUlus.  a,  llDlng  tnembmne  of  the  vasculmr  ■jRitem  of 
■the  mother;  b,  cellM  lminediat4?ly  lialoR  a;  d^  sfjace  between  the  tnatemal  and  fcetal  portiocfl  of 
I  the  TjUuH;  e^  [mtemal  memhrane  of  tho  villus,  or  external  memlbiraiite  of  the  chorlofi;  /,  IntemAl 
[cells  of  the  villus,  or  cella  of  the  chorion;  g,  loop  of  amblllcal  Tesaeta.     lOcMXlalrO 

[materials  Ijetween  the  blood  both  of  foetus  and  of  parent;  the  latter  sup- 
[plying  the  former  with  nutriment,  and  in  turn  abstracting  from  it 
imateriaia  which  require  to  be  removed. 

The  placenta,   therefore,   of  the  human  subject  is  composed  of  a 

fmial  part  and  a  rtiaternal  part, — the  term  pTaeenta  properly  including 

{jbII  that  entanglement  of  foetal  villi  and  maternal  simises,  by  means  of 

rhich  the  blood  of  the  fcetus  is  enriched  and  purified  after  the  fashion 

'necessary  for  the  proper  growth  and  development  of  those  parts  which 

^it  is  designed  to  nourish. 

The  whole  of  this  structure  is  not,  as  might  be  imagined,  thrown 
[off  immediately  after  birth.  The  greater  part,  indeed,  comes  away  at 
[that  time,  as  the  afkr-Mrik;  and  the  separation  of  this  portion  takes 
Iplace  by  a  rending  or  crushing  through  of  that  part  at  which  its  cohe- 
fBion  is  least  strong,  namely »  where  it  is  most  burrowed  and  undermined 
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t^  the  oaTemooi  fpaces  before  referred  to.  !• 
with  the  foBtal  membrane  aud  the  decidua  ^c 
with  a  part  of  thg  deoidtiu  gerotina.  The  rei 
and  disappears  hj  being  gradually  either  absorl 
uterine  disohargen  or  the  lochm^  which  occur  at 

A  new  mucous  meitibrane  ii  of  oourse  gra 
old  one,  by  its  tmngformation  into  the  deeidu 
original  fonotioui^. 

The  umbilical  mrd,  which  in  the  latter  pa 
solely  composed  of  the  two  arteri^  and  the  singh 
oonvey  foetal  blood  to  and  from  the  placenta,  c 
other  straotares  which  in  the  early  ^Uxgm  of 
embryo  were,  as  already  related,  of  great  eompan 
in  early  foBtal  life,  it  is  compoatHl  of  the  follomug 
a  layer  of  the  anuiiou,  refieeted  over  it  from  the  i 
bilioal  vesicle  wi  t  h  i  td  d  u  c  i  and  ap  pe  r ta  i  n  i  ti  g  o 
vessels.  (3.)  The  r^maiiti  of  the  allantois,  am 
nraohns.  (4.)Theumbilicak  vessels,  which,  as  j 
form  the  greater  part  af  the  cord. 


n 


The  Dbvelopmekt  of  the 

Before  considering  very  hrietly*  tlie  main  p 
of  the  chief  organs  and  tiaiuea  of  the  body, 
before  us  the  following  table,  compiled  by  Scha 
ent  parts  derived  from  the  three  blastodermic  h 

From  the  Epiblmt, — The  whole  of  the  ne 
not  only  the  central  organs  (brain  and  spinal 
pheral  nerves  and  sym  pathetic. 

The  epithelial  structures  of  the  organs  of  8p< 

The  epidermis  and  its  appendages^  inciudine 

The  epithelium  of  all  the  glands  opening 
skin,  including  the  mammary  glands,  the  sweat  , 
glands.     The  muscular  fibres  of  the  sweat  ifhmd 

The  epithelium  of  the  mouth  (except  that  c 
the  adjacent  posterior  part  of  the  floor  of  the  n 
from  the  hypoblast),  and  that  of  the  glands  opei 

The  enamel  of  the  teeth. 

The  epithelium  of  the  nasal  passages,  of  the  a< 
pharynx  and  of  all  the  cavities  and  glands  open 
sages. 

*  For  a  more  detailed  account  the  reader  is  ref  erre 
embryology, 
t  Quain's  Anatomy,  Xth  Ed.,  Vol.  I.,  Part  I.,  p.  J 
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From  the  Mesohlast, — ^The  urinary  and  generative  organs  (except  the 
[epithelium  of  the  erinary  bladder  and  urethra). 

All  the  voltintarj  and  involuntary  muscles  of  the  body  (except  the 
I  muscular  fibres  of  the  sweat  glands). 

The  whole  of  the  vascular  and  lymphatic  system,  including  the 
|jBerous  membranes  and  spleen. 

The  skeleton  and  all  the  connective  tissues  and  structures  of  the  body. 

From  the  Hypoblast, — ^The  epithelium  of  tlie  alimentary  canal  from 
I  the  back  of  the  mouth  to  the  anus,  and  that  of  all  the  glands  which 
fcjpen  into  this  part  of  the  alimentary  tube. 

The  epithelinni  of  the  Eustachian  tube  and  tympanum. 

The  epithelium  of  the  bronchial  tubes  and  air  sacs  of  the  lungs. 

The  epithcrmm  lining  the  vesicles  of  the  thyroid  body. 

The  epithelial  nests  of  the  thymus, 
^Tho  epithelium  of  the  urinary  bladder  and  urethra. 

It  remains  now  to   consider   in  succession   the  development  of  the 
several  organs  and  systems  of  organs  in  the  further  progress  of  the 
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F*^-  r>04.— Embrjo  chk-k  f^th  day),  vlewtnl  a^i  &  triiiitep*arerit  object,  lying  oo  lt«  left  Hide 

(maji^ifl^d).     V  H,  ci*rebrol  hfiniHphere«;  F  B,  forf^-brain  or  vesicle  of  third  veJltricleT  with  Pn^ 

pinejiJ  f2,]fknd  projet-tin^  from  its  rammit;  M  ft,  mid  l>ram;  Ch,  rfiv-benuni ;  fl'   V*  fourtli  ven- 

rifle;  U  leii>i;c  A  9.  choroidal  aUt;  CVn  r,  nuditorv  vesicle:  am,  superior  maxUUry  pTOOees; 

F,  2K  etc  »  llrst.  second,  thinl,  and  fourth  visceral  fold}*:   r.  fifth  nerve,  srodlng  one  braoch 

lith&lmic)  to  the  eye,  andanotlier  tothe  flmt  vlsd^ral  arch;  17/,  wventh  nerve,  pa«alu^  to  tJoe 

1  viBcvral  arch :  O  Pk,  ^losBO-pharyTii^haJ    nerve.    paMiinjf  to  the  third  visceral  arch;  P g^ 

aog&Htrie  n*frvo,  passing   t4>ward  tW  fourth  visceral  an'b:  t  v,.  inveatinir  mass;  rA,  noto 

. .. ;  its  front  end  i-annot  bp  m^n  in  the  livintt  embryo,  an  J  it  does  not  <*iid  an  nhown  in  the  tift- 

.  but  takf^ a smlden  Tiend  dowtiwani.  and  thf*n  tHnnlnnt**K  in  a  point;    Ht^  heart  R(^n  through 

wallM  of  thi*  rhcst:  M  P,   muscle  plat*»s;   IV^   wlnir.  showiap^  commencing  dlfft*rcntlatioti  of 

,Bieiits,  eorregpondlng  to  ann,  forearm,  and   hand :  H  L,  hiud-limh,  as  yet  a  BtiapelesH  bud, 

Dwfag  no  dilTereatiation.     Beneath  U  is  seen  the  curved  tail.     (Touter  and  Bedfour.) 

Bmhryo.     The  accompanying  figure  (fig.  5041  shows  the  chief  organs  of 
the  body  in  a  moderately  early  stage  of  development. 

The  Vertebral  Column  and  Cranium. — The  primitive  port  of 
tbe  Fertebral  column  in  all  the  vertebrata  is  the  chorda  dorsalia  or  noto- 
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diord,  which  oonsiits  entiralj  of  eoft  c^IIuIj 
itapen  to  a  point  at  the  cranial  und  cuudal  ex 
fyi  the  jfTOgnm  of  its  development,  it  la  found 
Bi0iiibraiioiui  sheath,  which  at  kmgth  act] ti ires 
pOiod  ci  tramrarfle  aiiimlar  fibrBi.  Th^  chordi 
as  the  asygos  axis  af  the  spinal  c^jlumn,  and,  it 
bodies  of  tho  f^ric^br^e,  although  it  ni^ver  itself 
hyaUno  cartilage  or  bone,  but  remains  inclosec 
persistent  parts  of  the  vc»rtohral  eolumii  whi 
it.  It  is  permatientf  however,  only  in  a  feWj 
<ml7  traces  of  it  persist  in  the  adult  animal 

In  many  fiali  no  true  vertebral  ore  d^ve! 
graduation  from  the  amphioxn/t^  in  which 
ihroagh  life  and  tht^re  are  no  rcrtebri£,  throiij 
there  are  a  few  acatterf^d  Dartilaginona  vert€ 
which  many  of  the  vertebra)  arc  partly  ossifies 
as  the  cod  and  herring,  in  which  the  verteb 
number  of  distinct  oasified  vertebra?,  with  ri 
between  them.  In  amphibia,  reptiles,  birds, 
distinct  Tertebrse,  which  are  formed  aa  follows ; 

The  mesoblaatic  aomitea,  which  have  bee 
794),  send  procesaea  downward  and  inward  to 
and  also  upward  between  the  medullary  eanal 
it.  In  the  former  situaliiin,  the  cartihiginon 
make  their  appearance,  in  the  latter  their  m 
neural  eanal. 

The  vertebras  do  not  exactly  correspond  in 
pro  to  vertebrae:  but  each  permanent  vertebra  is 
tiguous  halves  of  two  protovertebrae.  The  ori, 
pro  to  vertebrae  diauppears  and  a  fresh  auhdivisij 
that  a  permanent  invertebral  diso  ia  develop 
each  protovertebra.  Meanwhile  the  protoTer 
and  ventral  portion.  The  former  ia  termed  tht 
and  from  it  are  developed  all  the  muaelea  of  thi 
cutis  of  the  dorsal  region  (the  epidermic  being  c 
The  ventral  portions  of  the  protovortehrte,  i 
give  rise  to  the  vertebra  and  heads  of  the  ribs. 

The  chorda  ie  now  inclosed  in  a  caee^  formi 
Tertebra?,  but  it  gradually  waatea  and  ilisappeai 
ance  of  the  chorda,  the  oagiHeationof  the  bodie 
brae  begins  at  distinct  points* 

The  ossification  of  the  body  of  a  vertebra 
point  where  the   two  primitivo  elementi  of  tJ 
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iferiorlj.     Those  vertebrae  which  do  Bot  bear  ribs,  such  as  the  cer- 
ical  vertebrae,  have   generally   an  iuiditkmai  centre  of  ossification  in 
le  transverse  process,  which  is  to  be    regarded  as  an  abortive  rudi- 
lent  of  a  rib.     In  the  UMtd  bird,  these  additional  ossified  portions 
list  in  all  the  cervical  vertebrte,  and  gradually  become  so  nnicl*  developed 
the  lower  part  of  the  cervical  region  as  to  form  the  npper  false  ribs 
this  class  of  animals.     The  samo  parts  exist  in  mammalia  and  man; 
soee  of  the  la^t  cervical  vertebne  are  the  most  developed,  and  in  chil- 
Bn   may,  for  a  considerable  period,   be   distinguished  as  a  separate 
on  each  side  like  the  root  or  bead  of  a  rib. 
The  true  cranium  is  a  prolongation  of  the  vertebral  column,  and  is 
leveloped  at  a  much  earlier  period  than  the  facial  boues.     Originally, 
is  formed  of  but  one  mass,  a  cerebral  capsule,  the  chorda  dorsalis 
jing  continued  into  its  base,  and  ending  there  with  a  tapering  point, 
an  early  period   the  head  is  bent  downward  an*i  forward  round  the 
id  of  the  chorda  dorsalis  in  such  a  w^ay  that  the  mkldk^  cerebral  vesicle, 
1  not  the  anterior,  comes  to  occupy  the  highest  position  in  the  heiuh 
Pituitary  Body.^In  connection  with  this  must  be  mentioned  the 
ievelopment  of  the  pituitary  body.     It  is  formed  by  the  meeting  of  two 
outgrowths,  one  from  the  foetal  braiu,  which  grows  downward,  and  the 
from  the  cpibhist  of  the  buccal  cavity,  which  grows  up  toward  it. 
Phe  surrounding  mesoblast  also  takes  part  in  its  formation.     The  con- 
lection  of  the  first  process  with  the  brain  hecomes  narrowed,  and  per- 
as  the  infundihuluni,  while  that  of  the  other  process  with  the  buccal 
ty  disappears  completely  at  a  spot   corresponding  with   the   future 
gition  of  the   body  of  the  sphenoid. 
Cranium. — The  first  appearance  of  a  solid  support  at  the  base  of  the 
Branium  observed  by  Muller  in  fish,  consists  of  two  elongated  bands  of  car- 
Ikilage  {trabeculae  cranii),  one,on  the  right  and  the  other  on  the  left  side, 
rhich  are  connected  with  the  cartilaginous  capsule  of  the  auditory  ap- 
aratus,   and  which  diverge    to  inclose  the  pituitary  body  uniting  in 
to  form  the  septum  nasi  beneath  the  anterior  end  of  the  cerebral 
apsiile.     Hence,  in  the  cranium,  as  in  the  spinal  column,  there  are  at 
st  developed  at  the  sides  of  the  chorda  dorsalis  two  Bymmetrical  ele- 
aents,  which  subsequently  coalesce,  and  may  wholly  inclose  t!ie  chorda. 
The  brain-case  consists  of  three  segments:  occipital,  parietal,  and 
rontal,  corresponding  in  their  relative  position  to  the  three  primitive 
3rebral  vesicles;  it  may  also  be  noted  that  in  front  of  each  segment  is 
leveloped  a  sense-organ   (auditory,  ocular,  and  olfactory,  from  behind 
>rward).     The  basis  cranii  consists  at  an  early  period  of  an  unsegmeuted 
rtilaginous  rod,  developed  round  the  notochord,  and  continued  for- 
rard  beyond  its  termination  into  the  truheculm  cranii^  which  bound  the 
jituitary  fossa  on  either  side. 
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In  this  cartilagiuous  rod  three  centres  of  ossification  appear? 
occipital,   basi-spheooid,  and  pre-apbenoid,  one  corresponding  to  < 
fiegment. 

The  bones  formiDg  the  vault  of  the  skiilU  viz,,  the  frontal,  parS 
squamous  portion  of  temporal  and  the  equamo-occipitalj  are  oai&^ 
membrane* 

The  Visceral  Clefts  and  Arches. 

Afl  the  embryo  enlarges,  the  heart,  which  at  first  occnpied  a ; 
close  to  the  cranial  tlexnre,  is  carried  further  and  farther  backward  t 
considerable  part,  in  which  the  int^soblast  is  imdivided^  intervenes  betieen 


-I,  anterior  neivbrail  viifilelf  '  -;  %,\ 

or  fronto-noul  L  .  . 

B.  Anterior  view  of  the  bead  of  tt  hunmn  faetua  of  about  tlie  ntxh  weeir  (.from  tjobtr,  m  L 
ng.  IV. >■    U  S,  8,  &,  the  Mine  piirUi  us  fa  a;  4.  the  external  nasal  or  laUsral  frontAl  prooes:  t 
the  superior  nuixtUary  prtxsets;  7,  the  lovrer  Jaw:  x,  the  too^ue;  S,  drst  branchial  cl«fttaai 
fug  the  moatuA  audi  tortus  externum. 


Fly.  806.— A.  MwiiflfHi  riew  from  Itefon^  of  the  hen  • 
three  ireeks  iirma  Ecker.1— i,  anterior  neivbral  viihlelt' 
or  fronto-noaal  proo(w«;  4,  superior  maiiltary_prc>ceasi 
flrst  irliceral  irch,  and  below  It  the  flrHt  cleft;  7,  «,  9,  «*tv 


1 

it  and  the  head.  This  becomes  the  neck.  On  section  it  is  seen  thftlil 
it  the  whole  three  layers  are  represented  in  order,  and  that  there  is  n 
interval  between  them.  In  the  neck  thus  formed  soon  appear  the  Til 
ceral  or  branchial  cleflts  on  either  side,  in  series,  across  the  axis* 
the  gut  not  quite  at  right  angles.  They  are  four  in  number,  the  mffl 
anterior  being  first  found.  At  their  edges  the  hypoblast  and  thai 
epiblast  are  eontimioua.  The  anterior  Ixjrder  of  each  clef  t  forms  a  fo] 
or  lip,  the  branchial  or  visceral  fold.  The  posterior  border  of  thel* 
cleft  is  also  formed  into  a  fold,  so  that  there  are  four  clefts  and  five  foldj 
but  the  three  most  anterior  are  far  more  prominent  than  the  others,  sin 
of  these  the  second  la  the  most  conspicuous.  The  first  fold  nearly  meets i' 
fellow  in  the  middle  line,  the  second  less  nearly,  and  the  others  in  onlt 
still  less  so.  Thus  in  the  neck  there  is  a  triangular  interval,  into  wbic 
by  the  splitting  of  the  mesohlast  at  that  part  the  pleuroperitoneal  c»?i4 
exteuds.  The  branchial  clefts  and  arches  are  not  all  permanent.  Ti 
first  arch  gives  off  a  branch  from  its  front  edge,  which  passes  forwiidl 
meet  its  fellow,  but  these  offshoots  do  not  quite  meet,  being  separatft 
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process  which  grows  downward  from  the  head*       Between  the 

inches  aod  the  main  first  fold  is  the  oavity  of  the  mouth*     The  bruiichee 

►resent  the  superior  maxilla,  and  the  main  foldgthe  mandible  or  lower 

r.     The  central  process,  which  grows  down,  ia  the  fronto-nasal  pro- 

In  this  way  the  so-called  viBceral  arches  and  clefts  are  formed >  four 

each  side  (fig.  505,  a). 

From  or  in  connection  with  these  arches  the  following  parts  are  devel- 
Bedi— 

The  first   arch   (mandibular)  contains  a  cartilaginous  rod  (Meckera 

titage),   around  the  distal  end  of  whiuli  the  lower  jaw  is  developed, 

lie  the  malleus  is  ossified  from  the  proximal  end. 

When  the  maxillary  processes  on  the  two  aides  fail  partially  or  com- 
,etely  to  unite  in  the  middle  line,  the  well-known  condition  termed 
tft palate  results.  When  the  integument  of  the  face  presents  a  similar 
Sficiency,  wo  have  the  deformity  known  as  hare-lip.     Though  these  two 
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Fi|f.  aOfl.— Embryo  chick  (4th  d»yX  viewed  as  a  transparfnt  nbjwt,  lyinR  on  Its  left  side 
miJ^n^ifitMli).  C  //,  cerebral  hemlflpherea;  F  B^  foiv-bmln  or  ve*iicli?  tif  third  ventrietf^,  with  Pm, 
iaeal  j;land  projectiDg  from  ita  Hummit;  M  &,  mid-bram;  C  6,  oerebelliim;  ll\  T,  fourth  tod- 
icW;  L^  let»»;  c  h  #,  chorDid&l  alJt:  Cen.  F,  auditory  vesicle;  k  m,  sujierior  maxHlar>'  prociw: 
IT,  2F,  etc.,  llrst,  gtfcotid,  thirds  and  Tniirth  rifleeral  folds;  F,  fifth  oerve,  Bouthn^  one  braodh 
yphtbkltnic)  to  ttie  eye,  and  linothtT  to  the  first  vlsoeral  ardi:  VII.  «6in?iith  nerve,  pasKiiiK-  to 
10  aecoad  visceral  arch;  G,  Ph,  sg^lomMs-ph&ryu^anl  nerve,  panlng  to  tbe  third  vlBceral  archi 
'tf,  Diietiinoi<astric  nerve,  pasfiiiig  toward  the  fourth  viaoeral  mxx^i  i  t\  Investing  mass;  rA, 
Moenord;  its  f rout  end  caonot  be  8CM90  in  the  livlur  embryo,  and  it  does  not  end  as  shown  in 
le  flfi^nc*  hut  takeH  a  buddeti  bend  downwuid,  and  miata  terminateB  In  a  point;  Hi^  heart  seen 
iroii47b>  the  wallji  oC  the  chest;  M  P,  muscle-placet;  TT.  wln^,  ehowlaiir  eomuieucin^  difTereOiiiit- 
OQ  of  fecmeolo,  correftpondlog  to  arm,  forearnu  und  band;  S  S,  somatic  stalk;  AL  allantois; 
f  iU  bind-Unib,  ss  yet  a  shapeless  bud^  shoviti^  no  difTerentiatlDn.  Beneatb  it  La  seen  the 
urred  tail.     CFoster  and  Balfour.) 

eformities  frequently  co-exist,  they  are  by  no  means  always  necessarily 
lociated. 
The  upper  part  of  the  face  in  the  middle  line  is  developed  from  the 
:}'CQl\cd  frontal-nasal  process  (a,  3,  fig.  505),     From  the  second  arch 
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are  de?©loped  the  incus,  stapes^  and  dapediuM 
of  the  iemparal  bono,  the  $tyU-hyoid  ligamen 
ito  ilfOie^  bone.  From  the  third  vtscerai  arch, 
of  tbe  hyoid  bone.  In  man  and  other  mammi 
18  indiitiiict  It  occupies  the  position  wher 
dofdoped. 

AdistiDct  connection  is  traceable  between 
oertain  cranial  nerves :  the  trigeminal  the  fa^ 
and  tiie  vagus.  The  ophthulmie  division  of  t 
froato-nasui  process;  the  superior  and  inferior 
tbe  maxillary  and  mandibular  arohcs  regpeoti^ 

The  tm-'ioX  nerva  difitributog  one  brunch 
flnt  viscera]  aroh^  and  others  to  the  soeom 
dividee,  inclosing  the  first  visceral  cleft. 

Similarly,  the  glosso* pharyngeal  divides  to 
oleffc,  its  lingual  branch  being  distribnted 
^liaryiigeal  branch  to  the  third  arch. 

The  vagus^  too,  sends  a  branch  (pharjnge 
and  in  fishes  it  glvee  otT  paired  branches,  whic 
•nooemive  branchial  clefts. 

The  Extremities, 

The  eitremities  are  developed  in  a  unif 
brate  animals*     They  appear  in  the  form  of  Ic 


Fig:.  5!TT.— A  humiLu  embryo  of  th&  fourlli  week^  ^  lincA 

of  the  amnion;   4,  uiribilieAl  vesicle  wfyi  lUt  lo^  pedicle 
heart;  8,  th^'  \\\i^T:  !>,  tho  vjiH^ml  Mt^  destfoed  to  form  th& 
other  viscera  L  ai-choa  leojmrated  bj  the  braochial  cleft»;  10^  ru 
that  of  the  lower  extremity:  13,  the  umbiltcal  coni;  15,  the 
spheres;  \%  optic  lobes,  corpora  qiiadrlgomiiia.     (llOJler^) 

parieties  of  the  trunk  (see  fig,  507),  at  points 
arch  will  be  produced  for  them  within.  T 
extremity  is  nearly  the  same  in  all  vertebrata, 
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ling,  crawling,  walking,  or  flying.  In  the  hiimun  fcetiifl  the  fin- 
ners  are  at  first  united,  as  if  webbed  for  swimmiDg;  but  thit!  is  to  b© 
Kgarded  not  so  much  as  an  approximation  to  the  form  of  aquatic 
fcimals,  as  the  primitive  form  of  the  hand,  the  individual  parts  of  which 
jttbsequeutly  become  more  completely  isolated. 

The  fore-limb  always  appears  before  the  hind-limb,  and  for  some 
le  continues  in  a  more  advanced  state  of  developmeBt.  In  l>oth 
bfl  alike,  the  distal  segment  (hand  or  foot)  is  separated  by  a  slight 
Ktch  from  the  proximal  part  of  the  limb,  and  this  part  is  subsequently 
Hded  again  by  a  second  notch  (knee  or  el  bow- joint). 
The  Vascular  System.— At  an  early  stage  in  the  development  of 
embryo-chick,  the  so-called  area  vasculom  begins  to  make  its  appear- 
mce.  A  number  of  branched  cells  in  the  mesoblast  send  out  processes 
rhich  unite  so  as  to  form  a  network  of  protoplasm  with  nuclei  at  the 
Bdal  points.  A  large  number  of  nuclei  acquire  red  color ;  these  form  the 
fid  blood-corpuscles.  The  protoplasmic  processes  become  hollowed 
mt  in  the  centre  so  as  to  form  a  closed  system  of  branching  canals,  in 
;he  walls  of  which  the  rest  of  the  nuclei  remain  imbedded.  In  the 
ilood-vessels  thus  formed,  the  circulation  of  the  embryonic  blood  com- 
nenoes. 

According  to  Klein,  the  first  blood-veasels  in  the  chick  are  developed 
om  embryonic  cells  of  the  mesoblast,  which  swell  up  and  become  vaeuo- 
ted,  while  their  nuclei  undergo  segmentation.  These  cells  send  out  proto- 
ismic  processes,  which  unite  with  corresponding  ones  from  other  cells, 
id  become  hollowed, give  rise  to  the  capillary  wall  composed  of  endothelial 
Us;  'the  blood  corpuscles  being  budded  off  from  the  endothelial  wall  by  a 
tKsess  of  gemmation. 
Heart. — About  the  same  early  period  the  heart  makes  its  appearance 
a  solid  mass  of  cells  of  the  splanchnopleure  in  the  manner  before  indi- 
■ted. 

At  this  period  the  anterior  part  of  the  alimentary  tube  ends  blindly 
neath  the  notochord.     It  is  beneath  th©  posterior  end  of  i\i\^  fore-gtit 
t  the  heart  begins  to  be  developed.     The  heart  when  first  formed  is 
ade  up  of  two  not  quite  complete  tubes  which  coalesce  to  form  one,  and 
when  the  cavity  is  hollowed  out  in  the  mass  of  cells,  the  central  cells 
toat  freely  in  the  fluid,  which  soon  begins  to  circulate  by  means  of  the 
thmic  pulsations  of    the  embryonic  heart. 

These  pulsations  take  place  even  before  the  appearance  of  a  cavity, 

immediately  after  the  first  laying  down  of  the  cells  from  which 

heart  is  formed,  and  long  before  miiscular  fibres  or  ganglia  have  been 

ed  in  the  cardiac  walls.     At  first  they  seldom  exceed  from  fifteen 

eighteen  in  the  minute.     The  fluid  within  the  cavity  of  the  heart 

^rtly  assumes  the  characters  of  blood.     At  the  same  time,   the  cavity 
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itwlf  fomu  a  oramunuosticm  with  the  great  Teasels  in  cx>ntact  with  it, 
and  the  cells  of  whidi  iti  walk  axt  comprised  are  tr&oaf  orm€d  mtof  broci 
and  maKmlar  tUBUeii  and  inta  fpitbelium.     In  tbe  deTelaping  dyd 


,Jlai^  the  nufk^iB 

hollow  prolongation  of  a  capillary,  ending  in  a  point;  (i,  a  braocfeltii^;  ceJl  with  noclt-u^  aoA  m 

lules;  it  communicates  by  three  brancnes  with  proloa^BttoD  of  capj  II  Aries  ^ready  lams. 

,  blood  corpuBcles  still  containing:  flranules  of  fat.     y.  3B0  tlm*«.     tKiJ Hiker,)  

Flgr.  809.— l)evelopment  of  oapillaries  in  the  reg-enerating tail  of  a  tadpole,     abed,  t^m 
cords  of  protoplasm.     CAmold.)  ,  _. 

Fifi^  510.— Hie  same  region  after  the  lApm?  of  9<  hours.    The  "sptrouts  and  oonn  of  ^rm 
nrr*  have  become  channelled  out  into  capiUartes.     (A.mold.> 


Pig.  608. 

Fig.  50d.— Capillary  blood-veflsels  of  the  tall  of  a  young  larml  froi? 
able  to  blood ;  6,  fat  granules  attached  to  the  walls  of  the  vewela.  and  eonc^v&lfni? 
hollow  prolongation  of  a  capillary,  ending  in  a  point;  ti,  a  braoco 
granules;  it  communicates  by  three  bi 
e,  e,  blood  corpuscles  still  containing  ...». ... 

Fig.  608.— l>eTelopment  of  oapillaries  in  the  reg^enerat  lug  tail  of  a  tadpol 
and         *     '  '  ^  " 

plasm*^ 

it  can  be  observed   with  the  naked  eye  as  a  mmiite  red  pulsating  iittl 
mass  before  the  end  of  the  second  day  of  incubation. 

Blood-vesseh, — Blood-vessels  appear  to  be  developed  in  two  way&,  ac 
cording  to  their  size.  In  the  formation  of  large  blood* vessels,  masem  c 
embryonic  cells  similar  to  those  from  which  the  heart  and  other  stmd 
ures  of  the  embryo  are  developed,  arrange  themselves  in  tbe  position 
form,  and  thickness  of  the  developing  veeseh  Shortly  afterward  tbe  odl 
in  the  interior  of  a  column  of  this  kind  seem  to  be  developed  into  bloc4 
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jrpDBcleR,  while  the  external  layer  of  cells  is  converted  into  the  walto 
Df  the  vessel. 

In  the  development  of  capUMries  another  plan  ia  pursued.     This  haa 
en  well  illustrated  by  KoUiker,  as  observed  in  the  tails  of  tadpoles. 
iTbe  first  lateral  vessels  of  the  tail  have  the  form  of  simple  arches,  pass* 
ling  between  the  main  artery  and  vein,  and  are  produced  by  the  junction 
■of  prolongations,  sent  from  both  the  artery  and  vein,  with  certain  elon- 
ited  or  star-shaped  cells,  in  the  substance  of  the  tail.     When  these  arches 
re  formed  and  are  permeable  to  blood,  new  prolongations  pass  from  them, 
join  other  radiated  cells,  and  thus  form  secondary  arches.     In  this  manner^ 
Jthe  capillary  network  extends  in  proportion  as  the  tail  increases  in  length 
id  breadth,  and  it,  at  the  sjime  tirae»  becomes  more  dense  by  the  forma- 
tion, according  to  the  same  plan,  of  fresh  vessela  within  its  meshes.     The 
Iprolongations  by  which  the  vessels  communicate  with  the  star-shaped  cells^ 
ansist  at  first  of  narrow  pointed  projections  from  the  side  of  the  vessels, 
rhich  gradually  elongate  until  they  come  in  contact  with  the  radiated 
Eirocesses  of  the  cells.     The  thickness  of  such  a  prolongation  often  does 
lot  exceed  that  of  a  fibril  of  fibrous  tissue,  and  at  first  it  is  perfectly 
olid;  but,  by  degrees,  especially  after  its  junction  with  a  cell,  or  with 
lother   prolongation,  or  with    a  vessel  already  permeable  to  blood,   it 
enlarges,  and  a  cavity  then  forms  in  its  interior  (see  figs.  510,  511). 
iThis  tissue  is  well  calculated  to  illustrate  the  various  steps  in  the  devel- 
opment of  blood-vessels  from  elongating  and  branching  cells* 

In  many  cases  a  whole  network  of  capillaries  is  developed  from  a  net- 
rork  of  branched,  embryonic  connective-tissue  corpuscles  by  the  join- 


I        Tim.  51L— CaplllariPfl  frmn  tht*  vitreous  humor  of  a  fu^tal  calf.    Two  remelB  are  set      . 
laectedbT  a  ^cord"  of  |ir(iUip1fl.qui,  and  clothed  wJtli  aa  adventltlA,  coatiLliiIng  numeroue  DUCIeL 
ioaertloti  of  this  "cord  **  into  the  primary  walla  of  tlie  TiMwels.     (Frey.) 

[iBg  of  their  processes^  the  multiplication  of  their  nuclei,  and  the  vacuo- 
fttion  of  the  cell-substance.     The  vacuoles  gradually  coalesce  till  all  the 
rtitions  are  broken  down^  and  the  originally  solid  protoplasmic  cell- 
ibatance  is^  so  to  speak,  tunnelled  out  into  a  number  of  tubes. 

Capillaries  may  also  be  developed  from  cells  which  are  originally 
ipheroidal^  vacuoles  form  in  the  interior  of  the  cells  gradually  becoming 
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udted  hy  fine  protoplasmic  pTQoeM&& :  by  the 
into  fhem,  capiltarj  tubes  are  griyiuaUy  forme 

MmjfMog^.  Hmrt. — When  it  &rst  appea 
mciely  tubular  in  farm,  being  at  first  a  double 
tweWet  ftt  its  two  pogterior  angles  the  two  on: 
Um  T0ixui|  and  givea  off  anteriorly  the  primiti 
jmiotioii  of  the  two  veins  which  pa&s  into  the 
further  and  farther  away  from  the  heart,  and 
€illed  1111118  Tenoeue  near  to  the  auricle,  anc 
SWAjfOr  if  it  be  called  by  one  name  that  of  m€ 

It  MKmi  however,  becomes  curved  somewhat 
with  the  convexity  tow^ard  the  right,  the 
time  drawn  up  toward  the  head,  eo  thai 
•OHMWhai  to  the  right,  of  the  arterial.    It  also 
MUtlriotiODa  into  three  cavities. 

Of  thate  three  cavities  which  aredevelopec 
the  Tenons  end  \b  the  simple  auricle,  with  the  ; 
Ttwriil  end  the  bulbus  arteriosus,  and  the  mid 
trido. 

Then  &ree  parts  of  the  heart  contract  in 
and  the  bulbus  artarioetis  at  this  period  lie 


Fig.  612.^F0BtAl  fanut  In  muscea^Te  stft|Feq  ot  ditvelopmeoL    1 


horse-shoe.  The  bulging  out  of  the  middle  p< 
first  indication  of  the  future  form  of  theventri 
curvature  of  the  horse-shoe  by  the  same  mc 
developed  than  the  smaller  curvature  between 
and  the  two  extremities,  the  auricle  and  bu 
superiorly,  so  as  to  produce  a  greater  raaembl 
the  heart,  while  the  veutricic  becomes  more 
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lorly.  The  heart  of  fiabes  reUiDs  these  cavities,  no  further  diTiBion 
interoal  &epta  iuto  right  and  left  chanibera  takiog  place.  In 
phibia,  also,  the  heart  throaghoot  life  conBistB  of  the  three  muBCular 
ieions  which  are  so  early  formed  in  the  embryo  and  theBinuB  venosus; 
the  auricie  is  divided  internally  by  a  septum  into  a  pulmonary  and 
^mic  auricle.  In  reptilea,  not  merely  the  auricle  is  thus  divided  into 
peavities,  but  a  similar  septum  but  incomplete  is  more  or  less  developed 


•h  .4    .^ 


513.— Heart  of  the  chick  at  the  -CStJi.  flSth,  and   85th  houri!  of  Incubation.    1,  the  Tenoua 
txirnks;  2,  the  auricle;  3,  the  reatricle;  4,  the  bulbim  arl«rioBUB.    (Allen  TIsomaoiL) 

jhe  ventricle.  In  birds  and  mammals,  both  auricle  and  ventricle 
tergo  complete  division  by  septa;  while  in  these  animals  as  well  as  in 
tiles,  the  biilbua  aort?e  is  not  permanent,  but  becomes  lost  in  the  ven- 
les.  The  septum  dividing  the  ventricle  commences  at  the  apei  and 
isids  upward.  The  subdivision  of  the  auricles  is  very  early  fore- 
lowed  by  the  outgrowth  of  the  two  auricular  appendages,  which 
ITS  before  any  septum  is  formed  externally.  The  septum  of  the 
[cles  is  developed  from  a  semilunar  fold,  which  extends  from  above 
Hward.  In  man,  the  septnm  between  the  ventricles,  according  to 
skel,  begins  to  be  formed  about  the  fourth  week,  and  at  the  end  of 
It  weeks  is  complete.  The  septum  of  the  auricles,  in  man  and  all 
QCialB  which  posfiess  it,  remains  imperfect  throughout  foetal  life.  When 
partition  of  the  auricles  is  first  commencing,  the  two  venoB  cavm  have 
Brent  relations  to  the  two  cavities.  The  superior  cava  enters,  as  in 
adult,  into  the  right  auricle;  but  the  inferior  cava  is  so  placed  that 
ppears  to  enter  the  left  auricle,  and  the  posterior  part  of  the  septum 
^e  auricles  is  formed  by  the  Eustachian  valve,  which  extends  from 
point  of  entrance  of  the  inferior  cava.  Subsequently,  however,  the 
jnm,  growing  from  the  anterior  wall  close  to  the  upper  end  of  the  ven- 
tilar  septum,  becomes  directed  more  and  more  to  the  left  of  the  vena 
I  inferior.  During  the  entire  period  of  fcotal  life,  there  remains 
opening  in  the  septum,  which  the  valve  of  the  foramen  ovale,  devel- 
i  in  the  third  mouth,  imperfectly  closes. 

The  hidhiis  arferwsus,  which  is  originally  a  single  tube,  becomes 
lually  divided  into  two  by  the  growth  of  an  internal  septum,  which 
ings  from  the  posterior  wall,  and  extends  forward  toward  the  front 
I  and  downward  toward  the  ventricles.  Tliis  partition  takes  a  some- 
it  spinal  direction,  so  that  the  two  tubes  (aorta  and  pulmonary  artery) 
52 
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which  remit  from  its  conipletion,  do  ncrt  rtm  side  by  gide,  bul'l 
twiftod  round  eacli  other. 

As  the  aeptum  grows  down  toward  the  ventricles,  it  nieeti  and  m 
ksoee  with  tiie  upwurdly  growing  ventrteuiar  eepttimf  and  thus  itm 
the  right  and  taft  %*i?ntriclea,  which  are  now  completely  separate,  irii 
reqteotiTely  the  pulmonary^  artery  and  aorta,  which  are  also  quite  dii 
tinct.  The  aaricnlo-ventricukr  and  semi -lunar  Talvea  are  formed  bf  tt 
folds  of  the  endocardium. 

At  its  first  appear  an  ce^  as  we  have  seen,  the  heart  is  plioed  |B 
beneath  the  head  of  the  fcetu%  and  is  rery  large  relatiTely  to  the  i^ 
body;  bat  with  the  growth  of  the  neck  it  becomes  further  and  fnrt^i 
remoyed  from  the  head^  and  is  lodged  in  the  cavity  of  the  thorax. 

Up  toa  oertain  period  the  auricular  is  larger  than  the  ventrieiilaT  dii 
sion  of  the  heart  j  but  this  relation  is  gradually  reversed  as  derelopma 
proceeds.  Moreover,  all  through  fcptal  life,  the  walls  of  the  right  re; 
tride  are  of  very  much  the  same  thickness  a^  those  of  the  left,  idiii 
may  probably  be  explained  by  the  fa^t  that  in  the  fcetns  the  right  n 
triele  has  to  pn^el  the  blood  from  the  pulmonary  artery  into  the  aort 
and  tiienoe  into  the  placenta,  while  in  the  ad  nit  it  only  drive§  thebb 
through  the  lungs.  ^ 

Arteries. — The  primitive  aorta  arises  from  the  bnlbns  arierioBBtn 
divides  into  two  branches  which  arch  backward,  one  on  each  side  of 
foregut  and  unite  again  behind  it,  and  in  front  of  the  notochord  intfl 
single  vessel. 

This  gives  off  the  two  omphalo-mesenteric  arteries,  which  distrik 
branches  all  over  the  yolk-sac ;  this  area  vasculosa  in  the  chick  attaiaii 
a  large  development,  and  being  limited  all  round  by  a  vessel  known 
the  sinus  terminalis. 

The  blood  is  collected  by  the  venous  channels,  and  returned  tihrosi 
the  omphalo-mesenteric  veins  to  the  heart. 

Behind  this  pair  of  primitive  aortic  arches,  four  more  pairs  nud 
their  appearance  sucessively,  so  that  there  are  five  pairs  in  all,  each  oi 
running  along  one  of  the  visceral  arches. 

These  five  are  never  all  to  be  seen  at  once  in  the  embryo  of  high 
animals,  for  the  two  anterior  pairs  gradually  disappear,  while  the  po 
terior  ones  are  making  their  appearance,  so  that  at  length  only  thit 
remain. 

In  fishes,  however,  they  all  persist  throughout  life  as  the  branchii 
arteries  supplying  the  gills,  while  in  amphibia  three  pairs  persist  throoj^ 
out  life. 

In  reptiles,  birds,  and  mammals,  further  transformations  occur. 

In  reptiles  the  fourth  pair  remains  throughout  life  as  the  permaoii 
right  and  left  aorta;  in  birds  the  right  one  remains  as  the  permanei 
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lAorta,    cnrniig  over  the  right  bronchua  instead    of    the  left    &b   in 
[mammals. 

In  mammals  the  left  fourth  aortic  arch  develops  into  the  permanent 

^Mrta^  the  right  one  remaining  as  the  sohclaviaii  artery  of  that  side. 

Thus  the  eabclavian  artery  on  the  right  side  corresponds  to  the  aortic 

^arch  on  the  left,  and  this  homology  is  further  confirmed  by  the  fact  that 


L^ 


\ 


_.  St4«— DIogTiun  of  the  aortic  arctieB  in  a  mammiil,  showing  triLnsformatioiifl  which  f^rt  t\u» 
.  peruiacient  artjeria]  v^sselH,  A,  primitive  art^^rla]  sit'etHf  or  aortie  bulb,  now  divided  into 
^MOecidiJig  part  of  the  uortic  arch,  and  p,  the  pulmoimry ;  a  a',  rj^ht  iiDil  left  aortic  roots; 
nidi ag:  aorta ;  1,  2,  3,  4,  5,  the  five  pHiuHive  aortic  or  branchial  arcbe*;  /^  //^  ///,  Il\ 
>  branchial  clefts  which^  for  the  aak«^  of  eleaniess,  have  be^u  nmitt^  on  th«  rij^ht  aide. 
BaneDt  By«t«mlu  vesselBans  deeply,  the  pyUiioTiary  art<?riea  lightly,  shaded;  the  parta 
jt  primitive  arches  which  are  trauaitory  an*  H-impLv  outlined:  c,  placed  iTM^tween  the  per- 
Bt  common  cajnotld  arteries ;  ce,  external  carotid  arteries;  r  t,  internal  carotid  arteries;  §^ 
^flubclaTiaa,  rising  from  the  rlgbt  aortic  root  hey ond  ti*?  flftharcb;  i\  ripht  vertebral  from 
ne.  oppofiite  the  fouirth  arch;  ir*  »*,  left  vertebral  and  fiubclavian  arteries  rising  toother 
le  len  or  pi^nuanent  aortic  root,  oppo»ite  the  fourth  areh:  p,  pulnrnmary  arteries  rising 
^r  from  the  left  fifth  arch;  d,  outer  or  hack  part  of  the  lefi  fifth  areih,  forming  ductus 
HSrvflriofiis;  p  n,  p  n'  ri^ht  and  left  pneumo^astric  nerves  descendhig  in  front  jf  aortic  arch, 
with  their  recurrent  branches  represented  illa>^raiimialically  as  pajuiftg  behind,  to  illustrate  the 
relationif  of  these  nerTe«  rt^pecilvely  to  the  riffht  ftut»c1avlaQ  &rteiy  (4)  and  the  arch  of  the  aorta 
"       *,  ductus  Bj-terioaus  (rf).     (Allen  Thomsoo,  after  Rathke.) 

le  recurrent  laryngeal  nerve  hooks  under  the  subclavian  on  the  right 
e,  and  the  aortic  arch  on  the  left. 

The  third  aortic  arch  remains  as  the  internal  carotid  artery,  while 
le  fifth  disappears  on  the  right  side,  hut  on  the  left  forms  the  pnlmo- 
aary  artery.  The  distal  end  of  this  arch  originally  opens  into  the  descend- 
ig  aorta,  and  this  communication  (which  is  permanent  throughout 
fe  in  many  reptiles  on  both  aides  of  the  body)  remains  through- 
fa3tal  life  under  the  name  of  ihictus  arferiosus:  the  branches  of  the 
pulmonary  artery,  to  the  right  and  left  lung,  are  very  amall,  and  moat 
)f  the  blood  which  is  forced  into  the  pulmonary  artery  passes  through 
le  wide  ductus  arteriosus  into  the  descending  aorta.  All  these  points 
rill  become  clear  on  reference  to  the  accompanying  diagram  (fig.  514). 
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As  the  umbilical  vesicle  dwindles  in  size,  the  portion  of  the  omphalo- 
mesenteric arteries  outside  the  bodj  gradually  disappeariB,  the  part  inadi 
the  body  remaining  as  the  mesenteric  arteries. 

Meanwhile  with  the  growth  of  the  allaotois  two  new  aneriee  (uwM- 
ical)  appear,  and  rapidly  increase  in  size  till  tbey  are  the  largest  braachei 
of  the  aorta:  they  are  given  off  from  the  internal  iliac  arteries^  andfor^ 
a  long  time  are  considerably  larger  than  the  external  iliacs  which  iupplf 
the  comparatively  small  hind-limbs, 

Veiits. — The  chief  veins  in  the  early  embryo  may  be  divided  into 
two  gronps^  visceral  and  parietal:   the  former  includes  the  omphalo- 


Fiur.  bi&. 


Fig  5ia 


r 


Flf,  filfl,— IHajfTiun  of  yoiitiip  embryo  and  Itt  vesBeU,  showing  coune  af  circnilBtioii  ta  t 
umbilical  v^wicle;  and  also  that  of  the  allaniolH  (near  the  caudal  extrefnity).  wlildi  ia  loHai 
meaciag.    (Dattoo.) 

Fljt.  1^1<I.^DiA«T<un  of  embryo  and  itA  vessels  at  a  later  sta^,  abowin^  the  fleeoiid  oftmli 
fcioD.  The  piharynXt  oeoophagitB,  and  Inlestiiial  c^anut  havt;  become  nictiier  dev^lopinL,  and  ttevM 
enteHc  arterfe«  have  enW^d,  while  the  utnbl Ileal  vesicle  and  tts  vaflcnlar  braiicli«i  am  ^ 
much  reduoed  in  size.  Th«  large  umblitcal  &rterie«  are  seen  peaBiaf^  out  In  the  plawnta.  (IlaMcK) 

mesenteric  and  umbilical,  the  latter  the  jngular  and  cardinal  Trim 

The  former  may  be  Hret  considered. 

The  earliest  veins  to  appear  in  the  fcBtna  are  the  omphalo-meeentcric 
or  vitelline,  which  return  the  blood  from  the  yolk-sac  to  the  developing 
auricle.  As  soon  as  the  placenta  with  its  umbilical  veins  is  developed* 
these  unite  with  the  oraphalo- mesenteric,  and  thus  the  blood  whieli 
reaches  the  auricle  comes  partly  from  the  yolk-sac  and  pai'tly  from  tb« 
placenta.  The  right  omphalo-merienteric  and  the  right  ambilical  veiia 
soon  disappear,  and  the  united  left  oraphalo-mesenteric  and  umbilicil 
veins  pass  through  the  developing  liver  on  the  way  to  the  auricle,  Ttw 
sets  of  vessels  make  their  appearance  in  connection  with  the  liver  (?©» 
hepaticfls  advehentes,  and  revchentes),  both  opening  into  tht?  uaitd 
omphalo-mesenteric  and  umbilical  veins,  in  such  a  way  that  sportifl" 
of  the  venous  blood  traversing  the  latter  is  diverted  into  the  devflopial 
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liver,  and,  having  passed  throiigii  its  capillaries,  returns  to  the  umbili- 
cal vein  tlirongh  the  vente  he|mtica?  revehentes  at  a  point  nearer  the 
heart  (see  %,  517).  The  portion  of  vein  between  the  afferent  and  effe- 
rent veins  of  the  liver  becomes  the  ductus  venosns.     The  venBe  hepaticiB 


wig'  517,— Dlflgnnns  iUiistratinK  the  ilevclojiment  of  veins  about  tiie  liver.  B,  d  c,  ducts  ot 
OOfier,  rljeht  and  left ;  ca^  rigtit  and  ]vtt  ciLrdinul  veioK;  o.  left  mnphalo-mefteELtcHc  veta:  o\ 
Hgiit  otDpE&lo-aieMiiCfirfc  vein^  aloiost  sJirivellt^l  up ;  n  h\  lutibilicAl  Teios,  of  which  h\  the  right 
one,  has  AlmoBt  dliaappeared.  Between  tht*  v^ma^  rardiualf^  i&  ae^u  the  oytlltitf  of  the  rtidimcDi- 
ary  liver  with  ita  vexuB  hepatic®  advehenUt^i,  and  rt-veheot^-s.  It,  ductus  venosus;  r\  hepatic 
veiD«:  c  t,  Teoa  cava  inferior;  P,  portal  vein;  P'JH'^  venie  advehente§*  m,  meeenteric  veina. 
CKCiUiker. ) 


advehentea  become  the  right  and  left  branches  of  the  portal  vein,  the 
venae  hepatieae  revehentes  become  the  hepatic  veins,  which  open  just  at 
the  junction  of  the  ductus  venoans  with  another  large  vein  (vena  cava 
inierior),  which  is  now  lieing  develoix^d.  The  mesenteric  portion  of 
the  omphalo-mesenteric  vein  returning  blood  from  the  developing  intes- 
tines remains  as  the  mesenteric  vein,  which,  by  its  union  with  the  splenic 
vein,  forms  the  portal, 

^Thus  the  foetal  Ih'er  is  supplied  with  venous  blood  from  two  sources, 
trough  the  umbilical  and  portal  vein  respectively.  At  birth  the  circu- 
lation through  the  umbilicid  vein  of  course  completely  ceases  and  the 
vessel  begins  at  once  to  dwindle,  so  that  now  the  only  venous  supply  of 
the  liver  is  through  the  portal  vein.  The  earliest  appearance  of  the 
[parietal  system  of  veins  is  the  formation  of  two  short  transverse  veins 
[(ducts  of  Cuvier)  opening  into  the  auricle  on  either  side,  which  result 
rom  the  union  of  an  anterior  cardinal,  afterward  forming  a  jugular,  vein, 
>llecting  blood  from  the  head  and  neck,  and  a  posterior  cardinal  vein 
rbich  returns  the  blood  from  the  Wolffian  bodies,  the  vertebral  column, 
id  the  parieties  of  the  trunk.  This  arrangement  persists  throughout 
ife  in  fishes,  but  in  mammals  the  following  transformations  occur. 

As  the  kidneys  are  developing  a  new  vein  appears  (vena  cava  infe- 
rior), formed  by  the  junction  of  their  efferent  \^eins.     It  receives  branches 
rom  the  legs  (iliac)  and  increases  rapidly  in  size  as  they  grow;  further 
Ip  it  receives  the  hepatic  veins,  which  by  now  have  lost  their  original 
ening  into  the  ductus  veno€tis.     The  heart  gradually  descends  into 


:,  causing  the  dacis  of  C^niv  to  taoKHBe  oUiqtid  in 

M  the  fore-limbs  dtfiilofv  iktt  nhdmut  reim  are  forme 

conunonicatbig  Iraak  m&m  wiitw  the  two  dacti 

;  ud  gradually  inereeiea,  wkik  tt^  kll  doct  of  Curier  hem 

mktinXf  obliterated  (all  its  faliood  fmmtg  by  the  oommimiaiti 

lo  the  right  side)   (fig.  518»  c.sl).     The  right  duct  of  Cm 

the  right  iunomitiate  Ttia,  vkUtt  ths  oamxnomcatiiig  bnt 

IIm  left  iDnomiiiate.    Th#  nnMiU  ei  ite  left  duct  of  Car 

■aaiiiB  as  a  fibrous  baud,  nxfini^  oUiqut  t  down  to  the  go 

which  ia  really  the  proxiiinl  part  of  th^  left  duct  of  Cori 

of  tlM  root  of  the  left  long,  aaoUMr  fdic  may  be  found  ial 


.     1^  aa^I>fymiM  lUuytniyac the  di>yeUyMii»<ifct g— t  wwim.   4^4mtniQtm 


1  of  Iho  •i>K9aUed  vestigial  fold  of  Haimhall,  wfaidi  it  a  foM  of  pi 

,  mnning  in  tbo  same  direction. 
ta  QMUiy  of  the  lower  mammals,  such  as  the  rat^  the 
CHiti«fi  n^oiaina  as  a  left  superior  caya. 

Mioiiwhile^  a  tratitsTerse  branch  carries  acroes  most  of  ili  | 
lilt  Ml  pooterior  cardinal  yein  into  tl^^  rirrht-  f%nri  l.r  t^j 
fMol  mjffM  vein  km  formed. 

Tkt  ttp|vr  iHvrtionB  of  the  left  po^* 
b(l  superior  intercostal  and  vena  a^^^ 
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be  couTBe  of  the  blood,  which,  after  being  carried  out  to  the  pla- 
,  by  the  two  umbilical  arteries,  has  returned^  cleansed  and  replen- 
J  to  the  ftetuB  by  the  umbilical  vein. 

;  is  at  first  conveyed  to  the  under  surface  of  the  liver,  and  there  the 
n  IB  divided,— a  pajt  of  the  blood  passing  straight  on  to  the  in- 


flg,  an.— DlAfrnun  oC  tlie  FmtMl  Circtaatloa. 

i  through  a  venouB  canal  called  the  ductus  venoms^  whil© 
portal  vein,  and  reaches  the  inferior  vena 
tlirrniLrh   the  liver.     Whether,  however,  hj 
; :       .  s  venosns  or  by  the   round  about  way 
>od  which  is  returned  from  the  placenta  by 
-  inferior  vena  cava  at  last,  and  16  carried 
•  heart,  into  which  cavity  ia  alBo  pouring; 
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the  blood  that  haa  circulated  in  the  head  and  neck  and  arms, 
heen  brought  to  the  auricle  bj  the  superior  vena  caTS.     It  might  te 

utttarally  expected  that  the  two  streams  of  blcK>d  would  be  mingled  ia 
the  right  auricle^  but  such  is  not  the  case,  or  only  to  a  slight  eitent 
The  blood  from  the  superior  vena  cava — the  less  pure  fluid  of  the  two— 
pafises  almo§t  exclusively  into  the  right  veutricle,  through  the  auricnlo- 
ventricular  opening,  just  as  it  doea  in  the  adult;  while  the  blood  of  tbo 
inferior  vena  cava  is  directed  by  a  fold  of  the  lining  membrane  of  the 
hearty  called  the  Emiaehian  ralve^  through  the  foramen  ovale  into  the 
left  auricle,  whence  it  passes  into  the  left  ventricle,  and  out  of  thia  inlD 
the  aorta,  and  thence  to  all  tho  body,  but  chiefly  to  tbo  head  and  neck. 
The  blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  int(> 
the  right  ventricle,  is  sent  out  thence  in  small  amount  though  the  pul- 
monary artery  to  the  lungs,  and  thence  to  the  left  auricle,  as  in  the 
adult.  The  greater  part,  however,  by  far,  does  not  go  to  the  lungs,  bat 
instead,  passes  through  a  canal,  the  ductus  arteriosus^  leading  from  tbe 
pulmonary  artery  into  the  aorta  just  below  the  origin  of  the  three  gnaai 
vessels  which  supply  the  upper  parts  of  the  body;  and  there  meeting 
that  part  of  the  blood  of  the  inferior  \ene.  cava  which  has  not  gone  into 
these  large  veeselsi  it  is  distributed  with  It  to  the  trunk  and  lower  parts, 
— a  portion  passing  out  by  way  of  the  two  umbilical  arUriei  to  th& 
placenta.  From  the  placenta  it  is  returned  by  the  umbilical  vein  to  tbd 
under  surface  of  the  liver,  from  which  the  description  started. 

Changes  after  Birth. — After  birth  the  foramen  ovale  closes,  and 
do  the  ductus  arteriosus  and  ductus  venosus,  as  well  as  the  umbilical 
vessels;  so  that  the  two  streams  of  blood  which  arrive  at  the  right  aori- 
d©  by  the  superior  and  inferior  vena  cava  res|>ectively,  thencefon 
mingle  in  this  cavity  of  the  heart,  and  passing  into  the  right  Tentricli 
go  by  way  of  the  pulmonary  artery  to  the  lungs,  and  through  these  aft 
purification,  to  tJie  left  auricle  and  ventricle,  to  be  distributed  over 
body. 

The  Nervous  System. 

The  Cranial  and  Spinal  Serves, — The  cranial  nerves  are  derived! 
a  continuous  band,  called  the  neural  band*     They  are  formed  before  1 
neural  canal  ia  complete.     The  neural  band  ia  made  up  of  two  lamiti 
goiug  from  the  dorsal  edges  of  the  neural  grocjvc  to  the  external  epibb 
It  becomes  separated  from  the  epi blast,  and  then  forms  a  crest  attaohs 
to  the  upper  surface  of  the  brain.     The  posterior  roots  of  the  spic 
nerves  arise  as  outgrowths  of  median  processes  of  cells  from  the  dorsal 
aide  of  the  spinal  cord,  which  become  attached  laterally  to  the  spinal 
cord  as  their  original  point  of  attachment  disappears.     The  anterior 
roots  probably  arise  from  the  ventral  part  of  the  cord  as  a  number  of 
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Btrands  for  each  nerve.     They  appear  later  than  the  posterior  roots. 

The  rudiment  of  the  posterior  root  is  differentiated   into  a  proximal 
[round  nerve  connected  to  the  cord^  a  ganglionic  portion  and  a  distal 

portion.     To  the  last  the  anterior  nerve-root  becomes  attached. 

Th4i  Spinal  Cord. — The  spinal  cord  consists  at  first  of  the  undiiler- 
lentiated  epiblast  of  the  walls  of  the  neural  canal,  the  cavity  of  which  is 

large,  with  almost  parallel  sides.     The  walls  are  at  first  composed  of 
I  elongated   irregular  nucleated   columnar  cells,   arranged    in  a  radiate 

manner.     The  cavity  then  becomes  narrow  in  the  middle  and  of  an 
[lioar-glass  shape  (fig,  520),     When  the  spinal  nerves  make  their  first 


OOi 


i!/" 


,.  fiRl— Dlajmun  of  derelopmeDt  of  spinal  cord,    c  c,  ct^ntrat  canal;  aL  anterior  fissure;  p/, 
posterior  flfisure ;  g^  irr^y  matter;  ic,  white  matler*    Fbr further  expianation^  see  text. 

appearance,  about  the  fourth  day  in  the  chick,  the  epibiastic  walla  be- 
come differentiated  into  three  parts:  (a)  the  epithelium  lining  the  central 
canal;  {b)  the  gray  matter;  (r)  the  external  white  matter.     The  hist  is 
derived  from  the  outermost  part  of  the  epibiastic  walls  by  the  conversion 
I  of  the  cells  into  longitudinal  nerve- fibres.     The  fibres  being  without  any 
myelin  sheath,  are  for   a  time  gray  in  appearance.     The  white  matter 
1  corresponds  in  position  to  the  anterior  and  posterior  nerve-roots,  and 
[.are  the  anterior  and  posterior  white  columns.     It  is  at  fi^rst  a  very  thin 
layer,  but  increases  in  thickness  until  it  covers  the  whole  cord.     The 
I  gray  matter  too  arises  from  the  cells  by  their  being  prolonged  into  fibres. 
^The  change  in  the  central  cells  is  sufficiently  obvious.     The  anterior  and 
Bterior  cornua  of  gray  mutter  and  the  anterior  gray  commissure  then 
f appear.     The  anterior  fissure  ia  formed  on  the  fifth  day  by  the  growth 
I  dowTiward  of  the  anterior  cornua  of  gray  matter  toward  the   middle 
[line.     The  posterior  fissure  is  formed  later.     The  whole  cord  now  be- 
f  comes  circular.     The  posterior  gray  commissure  is  then  formed. 

When  it  first  appears^  the  spinal  cord  occupies  the  whole  length  of 
I  the  medullary  canal,  but  as  development  proceeds,  the  spinal  column 
I  growls  more  rapidly  than  the  contained  cord,  so  that  the  latter  appears 
[as  if  drawn  up  till,  at  birth,  it  is  opposite  the  third  lumbar  vertebra, 
land  in  the  adult  opposite  the  first  lumbar.     In  the  same  way  the  in- 
creasing obliquity  of  the  spinal  nerves  in  the  neural  canal,  as  we  approach 
the  lumbar  region,  and  the  cauda  equina  at  the  lower  end  of  the  cord, 
are  accounted  for. 

Brain. — We  have  seen  that  the  front  portion  of  the  medullary  canal 


HANDBOOK   OF   PHYSIOLOOT, 

is  almost  from  the  first  widened  out  and  dirided  into  three  rmAm. 
From  the  anterior  vesicle  (thalamencephalon)  the  two  primary  optic 
Tesicles  are  bedded  off  laterally:  their  further  history  will  be  traced  in 
the  next  section.  Somewhat  lat^r,  from  the  same  vesicle  the  radimenti 
of  the  hemispheres  appear  in  the  form  of  two  outgrowths  at  a  higkr 
level,  which  grow  upward  and  backward.  These  form  the  prom- 
cephalon. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thiokeniog 
appears  (rudimentary  cerebellum)  which  becomes  separated  from  the 
rest  of  the  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig.  521). 
(L)  A  sharp  bend  of  the  whole  cerebral  mass  downward  round  the  end 


fig*.  SEL^Earlf  sUm  Id  developmrat  of  hum&n  bmla  (mA«aillad).  1,  t,  S,  ftre  fromn 
flmbryo  About  w^en  weekii  old ;  4,  abtjyt  throe  inoaUia  old.  m^  middle  oeirebnd  veiiclo  (muwi 
o«pb«lon);  c^  cerebellum:  m  o,  medulla  obloogsCA;  tf,  ttmlMnffneepbalcm ;  JL  bemt^pbara;  i',t»- 
fumdlbulum ;  Fie.  S  shows  th«  BVTeral  curves  wbich  occur  In  tfae  oonrve  of  developfiWBft;  Flit 
4  Ifl  m  l&ter&l  view,  abowiu^  tbe  greAt  ealorgemfsnt  of  tbe  oerebiml  hflmlaiiliaraB  vbkih  te^ 
covered  lu  the  thal&ml,  lesTlnir  the  optk  lobes,  m,  tinoovered.    (KItlliker.) 

N.  B.— la  Fi^.  9  the  llneTlermlziAtes  in  Ihe  ilgltt  bsmi^there;  it  oug^  to  be  fflwitlimiti*  ^l» 
tha  thalamencephalon. 

of  the  notochord,  by  which  the  anterior  vesicle,  which  was  the  highest 
of  the  three,  ia  bent  downward,  and  the  middle  one  oomes  to  occupy 
the  highest  position,  (2,)  A  sharp  bend,  with  the  convexity  forward, 
which  runs  in  from  behind  beneath  the  mdimentary  cerebellam  iep»- 
rating  it  from  the  medulla. 

Thus,  five  fundamental  parts  of  the  foBtal  brain  may  be  distingaislied, 
which,  together  with  the  parta  developed  from  them^  may  be  premiM 
in  the  following  tabular  view ; — 


DETBLOFMEKT* 


827 


Table  of  Famtb  hevklofed  fbom  FcmBAMXNTAi.  PAirrs  of  Beaik. 


m. 


Anlerior 
Primary 
Vesicle, 
or  Fore- 


Middle 

Primary 
Vesicle, 
or  Mid- 
brain. 
Posterior 
Primary 
Vesicle^ 
or  Hind- 
biain. 


Third   Secondary  Veflicle  (  Cor{>oraquadrigemiDa,  crura  cere- 

or   Mesencephalon.         ]      bri,  aqueduct  of  Sylvius. 


First   Secondary   Vesicle 
of  Prosencephalon. 


Second  Secondary  Vesicle 
or  ThalameDceph&lon 
(Diencephalon) . 


(  Anterior  end  of  third  ventricle^ 
foramen  of  Monro,  lateral  ven- 
tricles.  cerebral  hemiffloheres, 
corpora  striata,  corpus  caUosum, 
fornix,  lateral  Tentricles,  olfac- 
tory bulb. 
Thalami  optici,  pineal  gland,  part 
of  pituitary  body,  third  Tentri- 
cle.  optic  nerve  and  retina,  in- 
fundibulam. 


Fourth  Secondary  Vesicle 
or  Epencepbaloa. 

Fifth  Secondary  Vesicle 
or  Metencephalon. 


Fourth  veil' 
tricle. 


Cerebellum, 
medulla 

gata. 


pool, 
obloii- 


{Quain.) 


The  cerebral  hemiepheres  grow  rapidly  upward  and  backward,  while 
from  their  inferior  surface  the  olfactory  bulbs  are  budded  off,  and  the 
prosencephalon,  from  whicli  they  spring,  remains  to  form  the  third  ven- 
tricle and  optic  thalami*  The  middle  cerebral  vesicle  (mesencephalon) 
for  some  time  13  the  most  prominent  part  of  the  fcetal  brain,  and  in 
fishes,  amphibia,  and  reptiles,  it  remains  uncovered  through  life  as  the 
optic  lobes.  But  in  birds  the  growth  of  the  cerebral  hemispheres  thrnste 
the  optic  lobes  down  laterally,  and  in  mammalia  completely  overlaps 
them* 

In  the  lower  mammalia  the  backward  growth  of  the  hemispheres 
ceases  as  it  were,  but  in  the  higher  groups,  such  aa  the  monkeys  and 
man,  they  grow  still  further  back,  until  they  completely  cover  in  the 


Ffff.  5S8.--Bid«  Tiew  of  foetal  br&ln  At  six  months,  sho^DK  coiiitnenc«metit  of  fonn&tioti  of 
the  prtiicliMl  flasiireH  and  ixmvolutlotui.  F,  frontall  lobe;  P,  parietal;  O,  oocipitxd;  T,  temporal; 
aaHf  Gommeoolji^  frootal  conTolutloaa;  t,  Sylirlaci  fissure;  a\  it»  aat^rior  dWi«loEi;  e,  wlbhln 
It  the  oefitrsl  lobe  or  lalaitd  of  Rell;  r,  flMiim  of  Bol&ado;  p,  perpendicular  flfiiure.  (R- 
WairnerJ 

cerebellum,  so  that  on  looking  down  on  the  brain  from  above,  the  cere- 
bellnm  is  quite  concealed  from  view.  The  surface  of  the  hemispheres 
is  at  first  quite  smooth,  but  as  early  as  the  third  month  the  great  Sylvian 
fiaaare  begins  to  be  formed  (fig«  522). 


82B 


LNDBOOK   OF   PBTSIOI 


^ 


The  next  to  appear  is  the  parie to-occipital  or  perpendicular  fisort; 
these  two  great  fissurea,  unlike  the  rest  of  the  sulci,  are  formed  b?  a  con- 
ing round  of  the  whole  cerebral  inasa. 

In  the  sixth  month  the  fissure  of  Rolando  appears:  from  this  timi 
till  the  end  of  ia*tal  life  the  brain  grows  rapidly  in  size,  and  the  cobto- 
lutions  appear  in  quick  succession;  first  the  great  primary  ones  an 
sketched  out,  tlien  the  secondary,  and  lastly  the  tertiary  ones  in  the 
sides  of  the  fissures.  The  commissures  of  the  brain  (anterior,  middle, 
and  posterior),  and  the  corpus  cullosum,  are  developed  by  the  growth  d 
fibres  across  the  middle  line. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  gny 
matter  from  the  exterior  into  the  lateral  ventricles.  The  essential  poinU 
in  the  structure  and  arrangement  of  the  varions  parts  of  the  brain,  are 
diagrammatically  shown  in  the  two  accompanying  figures  (figs.  521,  *i'2i). 


Thb  Special  Sbxss  Oroanb. 


beooiB^H 
clefroifi^ 


The  Eye. — Soon  after  the  first  three  cerebral  vesicles  have 
distinct  from  each  other,  the  anterior  one  sends  out  a  lateral  vesicle  1 
each  side  (primary  optic  vesicle),  which  grows  out  toward  the  free  sur- 
face, its  cavity  of  course  communicating  with  that  of  the  cerebral  vesicle 
through  the  canal  in  its  pedicle.     It  is  soon  met  and  invaginated 


Tig.  fi23.— Lon^ltadljm]  section  of  the  ptimarr  opUo  v««lcle  in  the  chick  ma^roific^  C^rott 

,  from  an  etnbrvo  of  slzty-flv«  hours;  B,  a  few  hou      '  "'  '        "    ' 

comeouii  layer  or  epIdfermlR.  pr«seatl] 
led  in  B  and  C:  f,  thi^  lemi  folncle  and 
pedicle  la  ahown;  to  C.  th<>  section  beini^  tc 
the  ftecoDfdMT  ocular  veaicle  and  ritreoua  humor. 


fig.ssa.  _.  „ 

,ftk).— A,  from  ati  embryo  of  slzty-flvi!i 

iiK  U 

p™  .«  «  «.*«  ^..  .,  ^-  *w«-  x^. — .-  .^«  lenii;  »r,  .  ,     ,  . , 

Icle  inahown;  to  C.  tht\  section  beini^  to  th«  ride  of  the^  pedicle,  the  latter  is  not  ihaiwmr^ 


rs  later;  C.  of  the  fourth  daf;  «, 

depraeaJoii  for  the  lent,  vhidi  li 

the  primary  optic  irealele;  in  A  and  %  tte 


la^  pr«seatlnR  in  A  the  opBu   depraeaJoii  for  the  lena,  vhidk  !■ 
f,  the  lenu  folncle  and  lenii;         '*         =      -^.  —^t. -  -^- 
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ingrowing  process  from  the  epiblast  (fig.  523),  very  much  as  the 
ing  tooth  is  met  by  the  process  of  epithelium  which  produces  the  ei 
organ.  This  process  of  the  epiblast  is  at  first  a  depression^  which  ulti- 
mately becomes  closed  in  at  the  edges  so  as  to  produce  a  hollow  ball, 
which  ia  thus  completely  severed  from  the  epithelium  with  which  it  wu 
originally  continuous*  From  this  hollow  ball  the  crystalline  lens  ii 
developed.  The  way  in  which  this  occurs  has  been  indicat'Cd  in  a  pre- 
vious chapter  under  the  head  of  structure  of  the  lens.  By  the  ingrowtii 
of  the  lens  the  anterior  wall  of  the  primary  optic  vesicle  is  foroed  hick 
nearly  into  contact  with  the  posterior,  and  thus  the  primary  optic  res* 
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cle  is  almost  obliterated.  The  cells  in  the  anterior  wall  are  much  longer 
than  those  of  the  posterior  wall ;  from  the  former  the  retina  proper  is 
^ieveloped,  from  the  latter  the  retinal  pigment. 

The  cup-shaped  hollow  in  which  the  lens  is  now  lodged  ia  termed 
^ihe  secondary  optic  vesicle:  its  walls  grow  up  all  round,  leaving,  how- 
ever, a  slit  at  the  lower  part, 

CItoroidal  Fissure. — Through  this  slit  (fig.  525),  often  termed  the 
choroidal  fissure^  a  process  of  mesoblast  containing  numerous  blood- 


,vp 


Ti%.  SS4. 


Ftg.  5S&, 


Fig, 


.  „  5S4.— Dlasr&inmatic  sketch  of  &  T^itfcal  lonsr)tudln«l  section  through  the  eyebaU  of  a 
liuiiian  fc]&tuA  of  four  weeks.  The  §ectlon  is  a  little  to  the  Hide,  bo  as  to  Avoid  possftiK  tJiroii^h 
the  octiJbftr  uleft;  c,  the  cuticlle  wh«re  It  becomf^a  IiUi^r  tht«  com«il  epitheUuiii ;  t,  thu  lens:  op^ 
\  ^^ipdc  nerre  formed  by  the  ptadit'le  of  tht*  nrlmary  optic  Ttwicle;  vp,  primarv  medulliu-v  cAvUy  or 
[  <<ip(io  Tieaiciej  p,  the  piKment  lay^r  of  the  retina;  r,  the^  Intier  wall  formiog  the  reUno.  nnsper; 
aeoobdary  optic  veaiele  cotitaiiiiu>f  the  rudiment  of  the  vitreotia  humor.  X  1<X>.  (K5lllker.) 
Fig»  525,— Traujsvrrae  vertical  section  of  the  eyebaU  of  a  human  embryo  of  four  w©ek«.  The 
berlor  Mlf  of  the  Bectkiti  i&  repreneiite*! :  pr,  the  remaftas  of  the  cavity  of  the  primary  optic 
▼esicle;  p,  the  loner  part  of  the  outer  layer  formlnf^  the  retloal  plfctnent;  r,  the'  thldken^rl  inner 
part  ^iviiiK^  rine  Ui  the  columnu'  and  other  structures  of  the  retina;  t\  the  commenciEnK  vltrcoua 
aumor  within  tlie  aecoodaiT  op^  v^i^l'^:  f',  the  oculiu-  el«ft  tifcirough  which  the  loop  of  ihe 
■eentrat  blood-venei^  a,  projac^  from  below;  I,  the  le&s  with  a  oeotrml  cavity.  x  ItiO. 
CKalliker.) 

vessels  projects,  and  occupies  the  cavity  of  the  secondary  optic  vesicle 
behind  tho  lens,  filling  it  with  vitreous  humor  and  furnish ing  the  lens 
^sapsule  and  the  capsulo-pupillary  membrane.  This  process  in  mammals 
projects,  not  only  into  the  secondarj  optic  vesicle,  but  also  into  the 
pedicle  of  the  primary  optic  vesicle  invaginating  it  for  some  distance 
from  beneath,  and  thus  carrying  up  the  arteria  ceniraUs  rdinm  into  its 
permanent  position  in  the  centre  of  the  optic  nerve. 

This  invagination  of  the  optic  nerve  does  not  occur  in  hirds^  and 
consequently  no  arteria  centralis  retin£6  exists  in  them.  But  they  pos- 
aesB  an  important  permanent  relic  of  the  original  protrusion  of  the  meso- 
blast  through  the  choroidal  fissure,  in  the  pecteu,  while  a  remnant  of 
the  same  fissure  sometimes  occurs  in  man  under  the  name  coloboma  iri- 
drs.  The  cavity  of  the  primary  optic  vesicle  becomes  completely  obliter- 
ated, and  the  rods  and  cones  growing  up  from  the  external  limiting 
-membrane,  get  into  apposition  with  the  pigment  layer  of  the  retina. 


The  inner  segments  of  the  rods  become  the  first  f ormed«  then  the  outer. 
The  cavity  of  its  pedicle  disappears  and  the  solid  optic  nerve  is  fonnei 
Meanwhile  the  cavity  which  existed  in  the  centre  of  the  primitive  lem 
becomes  filled  up  by  the  growth  of  fibres  from  its  posterior  wall  Tbe 
epithelium  of  the  cornea  is  developed  from  the  epiblast,  whUe  the  occ- 
neal  tissue  proper  is  derived  from  the  mesoblast  which  intervenes  betvttn 
the  epiblast  and  the  primitive  lens  which  was  originally  oontumoos 
with  it.  The  sclerotic  coat  is  developed  round  the  eyeball  from  the 
general  mesoblast  in  which  it  is  embedded.  The  choroid  is  developed 
from  the  mesoblast  on  the  outside  of  the  optic  cup  and  the  iris  by  the 
growing  forward  of  the  anterior  edge  of  the  optic  cap,  both  layers  of 
which  becoming  pigmented  remain  as  the  uvea.  Eit-ernally  the  cho- 
roidal mesoblast  grows  inward  to  form  the  main  structure.  The  cilian 
prooeasee  arise  from  the  hypertrophy  of  the  edge  of  the  optic  cup  which 
forms  folds  into  which  the  choroidal  mesoblast  grows,  and  in  wh 
blood-vessels  and  pigment-cells  develop. 

The  iris  is  formed  rather  late,  as  a  circular  septum  projecting  in 
ward,   from  the  fore  part  of   the  choroid,   between  the  lens  and  tb«' 
cornea.     In  the  eye  of  the  ftptiis  of  mammalia,  the  pupil  is  closed  by  a 
delicate  membrane,  the  membrana  pupillaris^  which  forms  the  front  por- 
tion of  a  highly  vascular  membrane  that,  in  the  foetus,  surrounds  the 


Fig,  626.— Blood-ressels  of  the  cMpsulo-pupUlarT  membrane  of  a  new-tiom  kfttea,  i 
Tbe  drmwliig'  Is  t*kea  from  a  preparmti qu  Injeeted  hj  Tleradi^  juuI  ahowt  {n  the  oeoml  part  ( 
oimf^Tfeaoe  of  Uie  i](^t-\n,-ork  of  T^saels  in  thi?  pupillary  membraoe.     (Xfinilcer,) 

lens,  and  is  named  the  mmnhrana  capBuh-pupillaris  (fig.  526).    It 

supplied  with  blood  by  a  branch  of  the  arteria  centralis  retinm^  whio 
passing  forward  to  the  back  of  the  lens,  there  subdivides.     The  me 
brana  capsulo-pupillaris  withers  and  disappears  in  the  hnman  subjects 
short  time  before  birth. 

The  eyelids  of  the  human  subject  and  mammiferous  animals,  lil» 
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those  of  birds,  are  first  developed  in  the  form  of  a  ring.  They  then  ex- 
tend over  the  globe  of  the  eye  until  they  meet  and  become  firmly 
agglutinated  to  each  other.  But  before  birth,  or  in  the  camivora  after 
birth,  tbey  again  separate. 

The  Ear. — Very  early  in  the  development  of  the  embryo  a  depres- 
sion or  ingrowth  of  the  epiblast  occurs  on  each  side  of  the  head  which 
deepens  and  soon  becomes  a  closed  follicle.  This  primary  optic  vesicle^ 
which  closely  corresponds  in  its  formation  to  the  lens  follicle  in  the  eye, 
sinks  down  to  some  distance  from  the  free  surface ;  from  it  are  developed 
the  epithelial  lining  of  the  membranotis  labyrinth  of  the  internal  ear, 
consisting  of  the  vestibule  and  its  semicircular  canals  and  the  scala  media 
of  the  cochlea.  The  surrounding  mesoblast  gives  rise  to  the  various 
fibrous  bony  and  cartilaginous  parts  which  complete  and  inclose  this 
membranous  labyrinth,  the  bony  semicircular  canals,  the  walls  of  the 
cochlea  with  its  scala  vestibuli  and  ecala  tympani.  In  the  mesoblast 
between  the  primary  optic  vesicle  and  the  brain,  the  auditory  nerve  is 
gradually  differentiated  and  forms  its  central  and  peripheral  attachments 
to  the  brain  and  internal  ear  respectively.  According  to  some  authori- 
ties, however,  it  is  said  to  take  its  origin  from  and  grow  out  of  the  hind 
brain. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the  external 
auditory  passage,  are  remains  of  the  first  branchial  cleft.  The  mem- 
brana  tympani  divides  the  cavity  of  this  cleft  into  an  internal  space, 
the  t3"rapanum,  and  the  external  meatus.  The  mucous  membrane  of 
the  mouth,  which  is  prolonged  in  the  form  of  a  diverticulum  through 
the  Eustachian  tube  into  the  tympanum,  and  the  external  cutaneous 
system  come  into  relation  with  each  other  at  this  point;  the  two  mem- 
branes being  separated  only  by  the  proper  membrane  of  the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of  integument 
in  the  neighborhood  of  the  first  and  second  visceral  arches,  and  probably 
corresponds  to  the  gill-cover  (opercuhim)  in  fishes. 

The  Nose.— The  nose  originates  like  the  eye  and  ear  in  a  depression 
of  the  superficial  epi blast  at  each  side  of  the  fronto-ntisal  process  (pri- 
mary olfactory  groove),  which  is  at  first  completely  separated  from  the 
cavity  of  the  mouth,  and  gradually  extends  backward  and  downward  till 
it  opens  into  the  mouth. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with  the  max- 
illary process  on  each  side,  convert  what  was  at  first  a  groove  into  a 
closed  canaL 

The  Alimentabt  Oanal, 

The  alimentary  canal  in  the  earliest  stages  of  its  development  con- 
gists  of  three  distinct  parts — the  fore  and  hind  gut  ending  blindly  at 
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«ch  end  of  the  body,  and  m  middk  f^gmeiit  wldoh  eomwrnifarti  tow^f 
ca  iti  Tentral  siufioa  with  the  oavity  oC  the  yolk-sac  tbrongh  tke  litil- 
line  or  omplMJa-inoiintorio  dnot 

From  the  foce-gat  aiefoniied  the  pliarjiiz,  cesophagiis,  and  stomacb; 
tmm  the  hind-got,  the  lower  «id  oC  the  oolon  and  the  rectmiL  Tk 
month  is  derelqped  hj  en  inTofaitioa  oC  the  qpibla^  between  th^  muU- 
laiy  end  mendihnlar  proooMai,  vUeh  beeomee  deeper  and  deeper  tin  it 
jeecdiee  the  blind  end  oC  thefmegnti  end  eft  kcgth  oomttmoicates  fndj 
irith  the  pharynx  bj  the  abeoiptienel  the  pert  Iti  on  between  the  twa 

Attheotherend  of  the  aliwentaiy  eeneltiie  anus  is  formed  in  a  pf^ 
^siiiljsliiiihurimybye&kifolntioaffe^  which  atleiijtb 


Fig.  687.— Outlinw  of  Uie  form  And  posltloD  of  Uie  alimflntaiy  caaal  in _ 

Ite  doTolopment  A,  alimentanr  caoaL,  etc.  In  an  embryo  of  four  wedoi;  B,  at  six  wttka;  (X  i 
-eight  weeks;  D«  atten  weeks;  I,  the  primitive  lungs  oonneoted  with  the  pharynx;  «,the8loiiiaeb 
d,  duodenum ;  i.  the  snuJl  Intestine:  i\  the  large:  c.  theesKom  and  irermiform  appendage;  r,  tb 
rectum;  d,  in  A«  the  cloaca;  <i.  In  B,  the  anus  dlstlnot  fixmi  •  i,  the  alniis  uitH^enltaw;  «,  tk 
Tolk-sac;  v  «\  the  rltello-intestlnal  dnot;  it,  the  urinary  bladder  and  urachus  leading  to  ttesi 
lantois;  9,  genital  ducts.    (AUen  lliomaon.) 

opens  into  the  hind-gat.  When  the  depression  from  the  free  snrfao 
does  not  reach  the  intestine,  the  condition  known  as  imperforate  ana 
results.  A  similar  condition  may  exist  at  the  other  end  of  the  alimen 
tary  canal  from  the  failure  of  the  involution  which  forma  the  month,  U 
meet  the  fore-gut.  The  middle  portion  of  the  digestive  canal  becomfl 
more  more  and  closed  in  till  its  originally  wide  communication  with  th 
yolk-sac  becomes  narrowed  down  to  a  small  duct  (vitelline).  This  dud 
usually  completely  disappears  in  the  adult,  but  occasionally  the  prozimsl 
portion  remains  as  a  diverticulum  from  the  intestine.  Sometimes  1 
fibrous  cord  attaching  some  part  of  the  intestine  to  the  umbilicus,  re- 
mains to  represent  the  vitelline  duct.  Such  a  cord  has  been  known  to 
'Cause  in  after-life  strangulation  of  the  bowel  and  death. 
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The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close  beneath 

le  vertebral  column,  but  it  gradually  becomes  divided  into  its  special 

rts,  stomachy  small  intestine,  and  large  intestine  (tig.  527),   and  at 

le  same  time  comes  to  be  suspended  in  the  abdominal  cavity  by  means 

yt  a  lengthening  mesentery  formed  from  the  splanchnopleure  which  at- 

[taches  it  to  the  vertebral  column.  The  stomach  originally  has  the  sam© 

lirectioB  as  the  rest  of  the  canal;  its  cardiac  extremity  being  superior, 

tits  pylorus  inferior.     The  changes  of  position  which  the  alimentary  canal 

[imdergoes  may  be  readily  gathered  from  the  accompanying  fignrea  (fig. 

f627) 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  connec- 
ttion  with  the  intestinal  canal  are  the  salivary,  pancreas,  and  the  liver. 
1  In  mammalia^  each  salivary  gland  first  appears  as  a  simple  canal  with  bud- 


Jflg.  5SS^->LfObule8  of  the  {Mixotid,  with  the  HbltTary  ducts^  Id  tba  tmbrjo  of  the  shoei^,  At  a  mora 

adTaaoed  sta^. 

J  like  processes  (fig.  62B),  lying  in  a  gelatinous  nidus  or  blastema,  and 
[communicating  with  the  cavity  of  the  mouth.  As  the  development  of 
[the  gland  advances,  the  canal  becomes  more  and  more  ramified,  inoreas- 
liBg  at  the  expense  of  the  blastema  in  which  it  is  still  inclosed.  The 
[branches  or  salivary  ducts  constitute  an  independent  system  of  closed 
tubes  (fig.  628).  The  pancreas  is  developed  exactly  as  the  salivary 
Iglands,  but  is  developed  from  the  hypoblast  lining  the  intestine,  while 
[the  salivary  glands  are  formed  from  the  epiblast  lining  the  mouth* 

The  Liirer. — The  liver  is  developed  by  the  protrusion,  as  it  were, 
lot  a  part  of  the  walla  of  the  fore-gnt,  in  the  form  of  two  conical  hollow 
[branches,  which  embrace  the  common  venous  stem  (figs.  529,  530).  The 
53 
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outer  part  of  these  cones  involves  the  omphalo-meaenteric  vem, 
breaks  up  in  ita  interior  into  s  plexus  of  capillaries,  ending  in  venoni 
trunks  for  the  conveyance  of  the  blood  to  the  heart.  The  inner  portioa 
of  the  cones  consists  of  a  number  of  solid  cylindrical  masses  of  oeQii 


Si 


FIk.  ffiD.— DUffnun  of  part  of  dl««tiTe  tnet  of  a  chick  (Ath  dajX    The  blade  Use  i 
liTpoblut,  tbe  wiusr  ahadlafr  mesobUfit:  Ig^  lung  divf^rticulum  with  pxp&nded  end  fa 
oaarv  lun^'Tesiclc ;    St,  ftomach;  L  two  hinpoUc  divertieula,  with  their  terminAtJom  u. 
toUd  rows  of  hypoblast  cells;  p,  diverticulum  of  the  pancreas  with  One  Tvaicular  diii 
oomJoic  from  it.    (Qotte. ) 

derived  probably  fi'om  the  hypoblast,  which  become  gradually  hoUofd 
by  the  formation  of  the  hepatic  ducts,  and  among  which  blood-reai 
are  rapidly  developed.  The  gland  cells  of  the  organ  are  derived  fron 
the  hypoblast,  the  connective  tissue  and  vessels  without  doubt  from  th 


Tig.  ISD.^Rudlmeate  of  Ch^  1 1  tot  on  the  iDtestlne  of  a  ciilck  at  the  fifth  day-  of  IbM 
1,  beart;  8,  loteatlne;  &,  dlTertlculiur.  of  the  futetttt&e  In  which  the  ll^er  (4j  Isdavalaped; 
or  the  mtMXNia  lajer  of  the  germinal  raembrane.     CMQll«r.) 


mesoblast.  The  gall-bladder  is  developed  as  a  diverticulum  from  tJw 
hepatic  duct*  The  spleen^  lymphatic,  and  thymus  glands  are  devdop* 
from  the  mesoblast :  the  thyroid  partly  also  from  the  hy] 
grows  into  it  as  a  diverticulum  from  the  fore-gut. 
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The  Respiratory  Appaeatxts, 

The  Lungs,  at  their  first  development,  appear  as  small  tubercles  or 
diverticula  from  the  abdominal  aurface  of  the  cesopbagns. 

The  two  diverticula  at  first  open  directly  into  the  cesophagus,  but  as 
they  grow,  a  separate  ttibe  (the  future  trachea)  is  formed  at  their  point 
of  fusion,  opening  into  the  a?sopbaguB  on  its  anterior  surface.  Tbese 
'primary  divertienla  of  the  hypoblast  of  the  alimentary  canal  send  off 
secondary  branches  into  the  surrounding  mesohlast,  and  these  again 
give  off  tertiary  branches,  forming  the  air-cells.  Thus  we  have  the 
longs  formed t  the  epithelium  lining  their  air-cells,  bronchi,  and  trachea 
being  derived  from  the  hypoblast,  and  all  the  rest  of  the  lung-tissue, 


Fig.  1^1  iUustralefl  the  derelopment  of  ths  resptmtory  orgauB.  a.  Is  tho  CBwpibwuii  of  a  chlcli 
cm  the  fourth  day  of  incubotloD,  with  the  rudimenCa  of  the  trachea  on  t>hd  Iuhk  ofthe  left  aide, 
viewed  laterally;  h  th«  inferior  woU  of  the  cMopbagUB^  2,  the  upper  fMiitloD  of  the  BAine  tuhe; 
a,  the  rudimeotary  lunff  ^  -I,  th«  stomach;  a,  ia  the  lame  object  seen  from  beJow,  m  that  frwjth 
liiD^  are  viaihle.  c,  ihowa  the  tongue  and  respiratory  organs  of  the  emhryo  of  a  hiirse;  i,  the 
toiig:ue;  £,  the  larynx;  a,  the  trachea;  4,  the  luuga  riewed  from  Che  upper  side.     (After  BathJEe.) 

nerves,  lymphaticsr  and  blood-vessels,  cartilaginous  rings,  and  muscular 
fibres  of  the  bronchi  from  the  mesoblast.  The  diaphragm  is  early  de- 
veloped. 

The  Genito-TJrinaby  AppABAXtra. 

The  Wolffian  bodies  are  organs  peculiar  to  the  embryonic  state, 
land  may  be  regarded  as  temporary,  rather  than  rtidimental,  kidneys; 
,  for  although  they  seem  to  discbarge  the  functions  of  these  latter  organs^ 
they  are  not  developed  into  them. 

The  Wolffian  duct  makes  its  appearance  at  an  early  stage  in  the  his- 
I  tory  of  the  embryo,  as  a  cord  running  longitudinally  on  each  side  in 
the  mass  of  meso blast,  which  lies  just  externally  to  the  intermediate  cell- 
mass  {un^y  fig*  632).  This  cord,  at  first  solid,  becomes  gradually  hol- 
lowed out  to  form  a  tube  (Wolflflan)  which  sinks  down  till  it  projects 
beneath  the  lining  membrane  into  the  pleuro-peritoneal  cavity. 

The  primitive  tube  thus  formed  sends  ofE  secondary  diverticula  at 
frequent  intervals  which  grow  into  the  surrounding  meaoblast:  tufts  of 
veesels  grow  into  the  blind  ends  of  these  tubes,  invaginating  them  and 
producing  Malpighian  bodies  very  similar  in  appearance  to  those  of  the 
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permanent  kidney,  which  constitute  the  substance  of  thi>  Wolfibm  bodj. 
Meanwhile  another  portion  of  mesoblast  between  the  Wolffian  body  snd 
the  mesentery  projects  in  the  form  of  a  ridge,  covered  on  its  free  surfice 


^/     arJl«l 


IFff .  fias.— Trmnsvem  Hctioo  of  embryo  ckldc  Ctlilni  du^\  mr,  mdlmeDtary  gpiaaH  ood:  ^ 
nrimlUTe  ooDtfml  csbaI  ha*  become  «5oofltrtct«d  In  tbe  mlddi«:  ek,  w^o^natdi  nw^primiato 
vvftelifml  mMi;  m,  mi]iol«>i»late;  dr,  dfy  hjpOblacI  mad  viaoer»l  l^er  of  mewblMl  UnlBf 
groove,  which  Is  nol  jet  doaed  In  to  form  the  int««tiae»:  o  o,  cne  of  th«  primitlv*  aoittt:  n % 
Wotfllui  body;  •»  Hff*  Wolfflui  duct:  r  c,  tviia  cvdlnalis;  K  «PlbUst;  A p,  •om«toploiir»  iDd  ir 
rejection  to  fonn  a/,  unnJotic  fold;  p,  pl«uft>-periU>Djeftl  cftvitj.     <K0lfiki 
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with  epithelium  termed  germ  epitheliunu     From  this  projection  is  de- 
Teloped  the  reprodtictive  gland  (ovary  or  testis  as  the  case  may  be). 

Siraultaneoualy^  on  the  outer  wall  of  the  Wolffian  body,  between  it 
and  the  body-wall  on  each  side,  an  involution  is  formed  from  the  pleoro- 
peritoneal  ciLvity  in  the  form  of  a  longitudinal  farrow,  whose  edges  soon 
close  over  to  form  a  duct  (MiiOer'a  duct). 

All  the  above  points  are  shown  in  the  accompanying  fignreSf  532,  531 
The  Wolffian  bodies,  or  temporary  kidneys,  as  they  may  be  termed, 
give  place  at  an  eiirly  period  in  the  human  foetus  to  their  successors,  tbs 
permanent  kidneys,  which  are  developed  behind  them.  They  diminish 
rapidly  in  size,  and  by  the  end  of  the  third  month  have  almost  entirely 
disappeared.  In  connection,  however,  with  their  upper  part,  in  the 
male,  there  are  developed  from  a  new  mass  of  blastema,  the  lytio  iff- 
rentioy  com  va^culosi^  &nd  glabus  major  ot  the  epididj^mis;  and  thiiB  is 
brought  about  a  direct  connection  between  the  secreting  part  of  tb^ 
testicle  and  its  duct.  The  Wolffian  ducts  persist  in  the  male,  and  tfv 
developed  to  form  the  body  and  globus  minor  of  the  epididymis,  the 
deferens,  and  ejaculatory  duct  on  each  side,  the  vesiculs  seminales  foi 
ing  diverticula  from  their  lower  part.  In  the  female  a  small  relio 
the  Wolffian  body  persists  as  the  parovarium;  in  the  male  a  similar 
is  termed  the  organ  of  Oirtddis.  The  lower  end  of  the  Wolffian  doct 
remains  in  the  female  as  the  duct  of  Gatriner  which  deeoenda  towird, 
and  IB  lost  upon,  the  anterior  wall  of  the  vagina. 
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From  the  lower  end  of  the  Wolffian  doct  a  diverticiihim  grows  back 
along  the  body  of  the  erabrjo  toward  its  anterior  extremity,  and  ulti- 
mately forms  the  ureter.  Secondary  diverticula  are  given  off  from  it 
and  grow  into  the  surround iug  blastema  of  blood-vessels  and  cells. 

Malpighian  bodies  are  formed  just  as  in  the  Wolffian  body,  by  the 
invagination  of  the  blind  knobbed  end  of  these  diverticula  by  a  tuft  of 
vessels.  This  process  is  precisely  similar  to  the  invagination  of  the  pri- 
mary optic  vesicle  by  the  rudimentary  lens.  Thus  the  kidney  is  devel- 
oped, consisting  at  first  of  a  number  of  separate  lobules;  this  condition 
remaining  throughout  life  in  many  of  the  lower  animals,  e.</.,  seals  and 
whales,  and  traces  of  this  lobulation  being  visible  in  the  human  fcetus  at 
birth.     In  the  adult  all  the  lobutes  are  fused  into  a  compact  solid  organ. 


I 


pfeure  i  a^  germitial  epithifhx.mi^  from  whlcb  2,  the  duet  ot  Mflller,  becomes  ioToluted ;  a^  thlok- 
en«ij»artor  germinal  epftbeliuni  in  which  Lbe  primitive  ova  Quid o,  are  Ijfii^:  .fi',  modified 
mesoblast,  which  will  form  ih&  stroma  of  the  ovary;  WK^  WoUSUm  body;  ^,  WoUBan  duct;  X 


The  Bupra-renal  capsnles  originate  in  a  mass  of  mesoblast  just  above 
the  kidneys;  eoon  after  their  first  appearance  they  are  very  much  larger 
than  the  kidneys  (see  tig.  535),  but  by  the  more  rapid  growth  of  the 
latter  this  relation  is  soon  reversed. 

The  first  appearance  of  the  generative  gland  has  been  already  de- 
scribed: for  6ome  time  it  is  impossible  to  determine  whether  an  ovary 
or  testis  will  be  developed  from  it;  gradually  however  the  special  char- 
acters belonging  to  one  of  them  appear,  and  in  either  case  the  organ 
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ioon  begiiu  tottvaiiio  Arebtiitdjlawar  poritioa  in  the  body;  the  otmei 
being  nltimetelj  pleoed  in  the  pehis;  while  tawurd  the  end  of  totd 
edrtencse  the  tertidei  desoeod  into  tibe  acsrrtiini,  the  testicle  eateraog 
the  internal  ingainil  ring  in  tiie  eeventh  month  of  foolal  life,  and  com- 
pleting its  desoent  through  the  ingqinal  oanal  and  external  ring  Into 
the  aorotnm  by  the  end  of  the  eightii  mentlL  A  poaeh  of  peritoneum, 
tiie  processut  vagim^  preoedei  it  in  ito  desoenti  and  nitimatelj  f^ms 
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Tig.  534.— Diagram  showing  the  relations  of  the  female  (the  left-hand  flgw^  < 
male  cthe  right-hand  figure  t )  reproductlTe  organs  to  the  general  plan  Cthe  ml 
these  organs  in  the  higher  Tertebrata  (including  man).    CI,  cloaca:  JB,  rectam 


_,  8)  and  of  ^ 

mididle  figure  of 

„ „ ^ -, „,  rectam:  J5Z,  urinaiy 

bladder;  U,  ureter;  K,  Icidney;  U  h.  urethra;  0,  genital  gland«  ovary,  or  testis;  W,  WoUBn 
body;  W d.  Wolffian  duct;  M,  Mtlllerianduct;  Pst,  prostate  gland;  Cp,  Oowper's  gland;  C9, 
corpus  spongiosum ;  C  c,  corpus  cavemosum. 

In  the  female.— V,  vagina;  U  U  uterus;  JPp,  Fallopian  tube;  O  *,  Qaertner's  duct;  P«,  p•^ 
ovarium;  A,  anus;  C c,  (7 « p«  clitoris. 

In  the  male.—Cap^  C c,  penis;  U  i^  uterus  maaculinis;  Va^  vesicula  seminalis;  Fd^vas 
deferens.    (Huxley.) 


the  tunica  vaginalis  or  serous  covering  of  the  organ ;  the  conmianici> 
tion  between  the  tunica  vaginalis  and  the  cavity  of  the  peritoneum  being 
closed  only  a  short  time  before  birth.  In  its  descent,  the  testicle  oi 
ovary  of  course  retains  the  blood-vessels,  nerves,  and  lymphatics,  which 
were  supplied  to  it  while  in  the  lumbar  region,  and  which  are  compelled 
to  accompany  it,  so  to  speak,  as  it  assumes  a  lower  position  in  the  body. 
Hence  the  explanation  of  the  otherwise  strange  fact  of  the  origin  of  these 
parts  at  so  considerable  a  distance  from  the  organ  to  which  they  are  dis- 
tributed. 

Descent  of  the  Testicles  into  the  Scrotum. — The  means  by  which  the 
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deeoent  of  the  testicles  into  the  scrotum  is  effected  are  not  fully  and 
exactly  known.  It  was  formerly  believed  that  a  membraneous  and  partly 
muscular  cord,  called  the  gubernaculum  testiSj  which  extends  while  the 
testicle  is  yet  high  in  the  abdomen,  from  its  lower  part,  through  the 
abdominal  wall  (in  the  situation  of  the  inguinal  canal)  to  the  front  of 
the  pubes  and  lower  part  of  the  scrotum,  was  the  agent  by  the  contraction 
of  which  the  descent  was  effected.  It  is  now  generally  thought,  how- 
eyer,  that  such  is  not  the  case,  and  that  the  descent  of  the  testicle  and 
ovary  is  rather  the  result  of  a  general  process  of  development  in  these 
and  neighboring  parts,  the  tendency  of  which  is  to  produce  this  change 
in  the  relative  position  of  these  organs.  In  other  words,  the  descent  is 
not  the  result  of  a  mere  mechanical  action,  by  which  the  organ  is  dragged 
down  to  a  lower  position,  but  rather  one  change  out  of  many  which 
attend  the  gradual  development  and  re-arrangement  of  these  organs. 
It  may  be  repeated,  however,  that  the  details  of  the  process  by  which 
the  descent  of  the  testicle  into  the  scrotum  is  affected  are  not  accurately 
known. 

The  homologue,  in  the  female,  of  the  gubernaculum  testis  is  a 
structure  called  the  round  ligament  of  the  uterus^  which  extends  through 
the  inguinal  canal,  from  the  outer  and  upper  part  of  the  uterus  to  the 
subcutaneous  tissue  in  front  of  the  symphysis  pubis. 

At  a  very  early  stage  of  foetal  life,  the  Wolffian  ducts,  ureters,  and 
Mullerian  ducts,  open  into  a  receptacle  formed  by  the  lower  end  of  the 
allantois,  or  rudimentary  bladder;  and  as  this  communicates  with  the 
lower  extremity  of  the  intestine,  there  is  for  the. time,  a  common  recep- 
tacle or  clocLca  for  all  these  parts,  which  opens  to  the  exterior  of  the 
body  through  a  part  corresponding  with  the  future  anus,  an  arrange- 
ment which  is  permanent  in  reptiles,  birds,  and  some  of  the  lower  mam- 
malia. In  the  human  foetus,  however,  the  intestinal  portion  of  the 
cloaca  is  cut  off  from  that  which  belongs  to  the  urinary  and  generative 
organs;  a  separate  passage  or  canal  to  the  exterior  of  the  body,  belong- 
ing to  these  parts,  being  called  the  sinus  uro-genitalis.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from  before 
backward  or  from  above  downward,  into  a  *pars  urinaria'  and  a  *pars 
genitalis. '  The  former,  continuous  with  the  urachusy  is  converted  into 
the  urinary  bladder. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed  from 
the  Mullerian  ducts  (fig.  535,  t/i),  whose  first  appearance  has  been  al- 
ready described.  The  two  Mullerian  ducts  are  united  below  into  a  sin- 
gle cord,  called  the  genital  cordy  and  from  this  are  developed  the  vagina, 
as  well  as  the  cervix  and  the  lower  portion  of  the  body  of  the  uterus; 
while  the  ununited  portion  of  the  duct  on  each  side  forms  the  upper 
part  of  the  uterus,  and  the  Fallopian  tube.     In  certain  cases  of  arrested 
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ar  abnormal  deTelopmaiitf  thsae  portiong  of  the  Mtilkriaii  dncts  may  110I 
beoome  fuied  together  at  their  lower  extramities,  and  there  ti  Lett  1 
oleft  or  horned  condition  of  the  upper  part  of  the  uterus  roeeiDMingi 
oondition  which  in  permanent  in  certain  of  the  lower  animals. 

In  the  male,  the  Multerian  dncts  b&ve  no  special  function,  and  in 
bat  slightly  dereloped.  The  hydatid  of  Morgagni  is  the  remnant  of  thi 
upper  part  of  the  Miillerinn  duct.  Tlw  small  prostatic  ponch,  nirrm 
or  iiuus  pocnlariif^  forms  the  atrophied  remnant  of  the  im 


Fig.  63&.— Diagram  of  the  WoUBan  bodies,  MOUerian  duota  and  adJaoent  parts  iHetloos  t 
■woutl  distinction,  as  seen  from  before,  fr,  the  supra-renal  bodies;  r.  tae  kidners:  ot,  oonuDa 
blastema  of  ovaries  or  testicles;  W,  Wolffian  bodies;  «o,  Wolffian  ducts;  m  m,  Mailerian  ducts 
g  c,  genital  cord;  uy,  sinus  urogenitalis;  <,  intestine;  cL,  cloaca.    (Ailen  Thomaoo.) 
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tal  end  of  the  genital  cord,  and  is,  of  course,  therefore,  the  homologne 
in  the  male,  of  the  vagina  and  uterus  in  the  female. 

The  external  parts  of  generation  are  at  first  the  same  in  both  sexes. 

The  opening  of  the  genito-urinary  apparatus  is,  in  both  sexes,  bounde( 
by  two  folds  of  skin,  while  in  front  of  it  there  is  formed  a  penis-lik 
body  surmounted  by  a  glans,  and  cleft  or  furrowed  along  its  under  soi 
face.  The  borders  of  the  furrows  diverge  posteriorly,  running  at  th 
sides  of  the  genito-urinary  orifice  internally  to  the  cutaneous  folds  joe 
mentioned.  In  the  female,  this  body  becoming  retracted,  forms  th 
clitoris,  and  the  margins  of  the  furrow  on  its  under  surface  are  converte 
into  the  nymphse  or  labia  minora,  the  labia  majora  pudendaa  being  con 
stituted  by  the  great  cutaneous  folds.     In  the  male  foetus,  the  margin 
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of  the  furrow  at  the  under  surface  of  the  penis  unite  at  ahout  the  four- 
teenth week,  and  form  that  part  of  the  urethra  which  is  included  in  the 
penis.  The  large  cutaneous  folds  form  the  scrotum,  and  later  (in  the 
eighth  month  of  development),  receive  the  testicles,  which  descend  into 
fhem  from  the  abdominal  cavity.  Sometimes  the  urethra  is  not  closed, 
and  the  deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  be  increased  by  the  retention  of 
the  testes  within  the  abdomen. 


INDEX. 
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Absorption,  422 

blood-vessels  in,  4'^1 

conditions  for,  424 

lymphatic  system  in.  425 
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rapidity  of,  423 

through  the  lungs,  440 
the  skin,  489 
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Accessory  olives,  606 
Accommodation  of  vision,  781 
Achromatic  spindle,  15 
Achromatin,  12 
AchroMeztrin,  851 
Acid  albumin,  115 

hydrochloric,  872 
Addison's  disease,  827 
Adenin,  122.  125 
Adenoid  tissue,  46 
Adipose  tissue,  48 

development  of,  49 

uses  of,  60 
Adrenals,  827 
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After-birth,  the,  808 
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-sensations,  681 
Agglutinative  substances,  175 
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serum,  115 
Albuminates,  115 
Albuminoids,  120 

effect  of  diet  of,  444 
Albumose,  875 
Alimentary  canal,  development  of,  831 


Alkali  albumin,  116 
Allantoin,  125,  493 
Allantois,  799 
Alloxan,  122 
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Amides,  122 
Amido-acids,  122 
Amidulin,  852 
Amines,  122 
Amitosis,  18 
Amitotic  division,  18 
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carbonate,  444 

sulphate  reaction,  113 
Amnion,  798 
Amoeboid  movement,  4 
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Anabolism,  441 
Anacrotic  wave,  281 
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Anelectrotonus,  545 
Animal  heat,  468 

kingdom,  classification  of,  xii 
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decussation  of,  604 
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Area  opaca,  789 

pellucida,  789 

vasculosa,  797 
Areolar  tissue,  45 
Aromatic  series,  132 
Arterial  flow,  224 
Arteries,  191 

development  of,  818 

nerves  of,  198 
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functions  of,  406.  407 

gases  of,  406 

inorganic  constituents  of,  406 

mode  of  secretion  of,  406 

mucus  in,  406 

nervous  influence  on,  410 

pigments  of,  404 

preparation  of,  404 

salts.  408 

test  for,  404.  405 
Bilifulvin,  405 
Bilifuscin,  126 
Bilihumin,  126 
Bilin,  403 
Biliprasin,  126 
Bilirubin.  125,  404 
Biliverdin,  126,  405 
Binaural  sensations,  709 
Binocular  vision,  756 
Bioplasm,  2 
Biuret  reaction,  113 
Bladder,  urinar}',  483 
Blastema.  2 
Blastoderm,  22,  787 
Blastosphere,  785 


of,  155 
colorless,  origin  of,  179 
colorless,  varieties  of,  154 

defibrination  of,  144 

differences  between  arterial  and 
nous,  246 

flow,  regulation  of,  243 

gases  of,  161 

laking  of.  140 

oxygen  of.  162 

plasma.  140 

plates.  156 

pressure,  216 
in  man.  283 

proofs  of  circulation  of,  262 

quantity  of,  141 

respiratory  changes  in,  289 

serum,  chemical  composition  of, 

specific  gravity  of,  140 

uses  of,  140 

variations  in  composition  of,  17! 

velocity  of  flow,  237 

venous  flow,  287 
Blood-vessels,  development  of,  814 
Blushing,  260 

Body,  chemical  composition  of,  110 
Bone,  55 
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Bone,  canaliculi  of.  57 

development  of,  60 

fuDCtioDS  of,  69 

growth  of,  68 

Haversian  canals  of,  58 

lacunse  of,  57,  59 

maiTow,  56 

ossification  in  cartilage,  62 
in  membrane,  61 

periosteum  of,  67 
Bowman's  theory   of   urine   secretion, 

500 
Brain,  696 

development  of,  826 

distinctive   characters    of    human, 
640 

fore-,  600,  827 

gray  matter  in,  686 

gyriof,  688 

hind-,  600,  827 

lobes  of,  682 

mid-,  600,  827 

motor  areas  of,  641 

areas  of  human,  644 
areas  of  monkey's,  642 
tracts  in.  646 

relation  of  different  parts,  696 

sulci  of.  686 

weight  of,  689 
Branchial  clefts,  810 

folds.  810 
Bronchi.  267 
Brownian  movement.  8 
Brunner*8  glands,  887 
Buffy  coat,  148 
Bulb,  the,  697,  602 

centres  in,  609 

connections  with  cerebrum  and  cere- 
bellum, 607 

functions  of,  608 
Bulbus  arteriosus,  817 
Burdach,  colunm  of,  580 

CiBCUM,  889 

Calcium  fluoride,  184 

Calorimeter,  466 

Cane  sugar,  180 

Capillaries,  development  of,  815 

purpose  of,  286 

structure  of,  194 
Capillary  electrometer,  266 

flow,  284 


Carbohydrates,  118 

as  foods,  448 

effect  of  excess  as  food,  452 
Carbon  dioxide,  secretion  of,  286 
Carbonates,  184 
Cardiac  cycle,  204 

nerves,  261 
Cardio-accelerator  centres,  610 
Cardiogram,  209 
Cardiograph,  209 
Cardio-inbibitory  centre,  261,  610 
Carotid  gland,  88d 
Cartilage,  61 

development  of,  66 

functions  of,  65 

hyaline,  51 

white  fibre,  64 

yellow  elastic,  53 
Casein,  120,  824 

insoluble  calcium,  119 

soluble,  119 
Caseinogen,  119,  828 
Caudate  nucleus,  680 
Cell,  difference  between  plant  and  ani- 
mal, 17 

division  of,  18 

functions  of,  18 

nucleus  of,  11 

reticulum  of,  9 

structure  of,  9 
Cells,  decay  and  death  of,  28 

fixed,  40 

functions  of,  22 

migratory,  41 

modes  of  connection,  27 

plasma,  41 

shapes  of,  26 
Cellulose,  361 
Central  lobe  of  brain,  688 

canal  of  cord,  575 
Centre  for  lymph  hearts,  595 

for  muscle  tone,  595 
Centres,  motor,  641 

sensory,  654 
Centrifugal  nerves,  568 
Centripetal  nerves,  568 
Centrosome,  16 
Cerebellum.  658 

connection  with  bulb,  668 

functions  of,  662 
Cerebral  ventricles,  598 
Cerebrin,  125 


H                        ^^^^* 

^^H 

^H                       Oeitbro-spliiAl    axis,   summary   ol 

im-      Coccygeal  gland.  338            ^^H 

^H                                 pukes  Id,  065 

Oochlm,  607                           ^^M 

^H                                fluid.  575 

Cobnbeim^s  fields.  83            ^^^ 

^^M                               nervous  sjBtem,  569 

Cold,  influem^  of  extreuae,  47^ 

^H                        Cerebrum,  634 

Collagen,  55,  120                            h 

^H                              ^rraiTgemccit  of  parts  of,  BSB 

Collaterals,  96                          ^^ 

^H                               cbenueal  coiiipoBitkm  of,  633 

Colloids.  170                           ^^M 

^^1                                coanection  witti  bulb,  6(>7 

Colon.  380                               ^^H 

^H                               effects  of  retiiov&l  of*  040 

Color  btindn^,  754              ^^M 

^H                                fuuciiona  of,  648 

complemental,  754         ^^^| 

^H                               motor  arcAS  of  cortes,  041 

Bering's  tlieory  of.  7S3        ^M 

^H                              uQllatermt  miMm  of,  $61 

sensations  of,  752                   ' 

^H                      wfigiu  of,  m9 

young*8  and    Hetmboltz^  t 

^H                        Cerumen,  507 

752 

^^M                         Cbeyoe- Stokes  bTeiitJiiag»  305 

Colorless  eorpujcles.  15S 

^H                         CbVorJae«,  estimAdon  of,  1^ 

and  tbymut  gUnd,  33§ 

^H                         Cbtoropliyll.  m 

Colostrum,  323 

^M                        Cboletelin,  402 

corpuscles  of,  321.  Em 

^H                         Chondrin,  1^1 

Columnic  earner.  100 

^H                        Cbortiji  lympfini,  355.  6^0 

Column  of  Burdach,  580 

^^M                        CUnrilf^  tendiuefE,  203 

of  Gcll.  680 

^H                ciioHou,  «iao 

Common  sensations,  674 

^B                        Cborbule  villi,  801 

Complemental  air,  281 

^B                      Chon^ldal  teui^,  629 

CompouDd  proteids,  118 

^H                       Chon>l4!  ptrxuB,  508 

Concentric  corpuscles  of  HaasulL  i 

^H                          ChromAliQ.  13 

Conjunctiva.  711 

^H                         Cbroniophanes,  746 

Connective  tissues,  40 

^H                          Cbromoplasni,  15 

adenoid,  46 

^H                        CbFomo>prot€id9,  118 

adipose,  48 

^H                        Chnimofiome,  16 

areolar,  45 

H                        Chyle,  484 

basement  membrane,  51 

^H                                carpuBCles,  4B4 

clflssifl cation  of.  48 

^H                         Cbyme.  374 

cells  of,  40 

^M                       CHlJa.  35 

development  of.  47 

^H                        Ciliary  motion,  36 

fibrous,  47 

^H                        Circuktioii,  GOixmary,  250 

gelatinous,  46 

^H                               effect  of  respiration  oc.  300 

tntcrcellukr  substance  of,  4! 

^M                              In  brain.  241 

structure  of,  40 

^H                              in  erectile  structures,  243 

vessels  and  nerves  of,  50 

^M                               local  pcculUritles  of,  241 

White  fibrous,  42.  43 

^H                                of  blood.  1B2 

yellow  elastic,  44 

^H                                proofs  of,  26S 

Consonants,  564 

^H                               regulation  of  flow,  343 

Contractility  of  muscle,  521 

^1                                  time  of,  240 

Cornea,  stnicture  of,  713 

^1                                velocity  of,  237 

Corona  radiatA,  620 

^H                        Clark 'i  column,  579 

Coronarj^  circulation.  25$ 

^H                        ClaiiHtrum,  631 

Corpora  cavernosa,  773 

■                         ClitoHa,  768 

dentata,  602,  630 

^B                        Coagulation,  calcium  salts  in,  146 

geniculata,  602,  633 

^H                               eoDditioGs  affecting,  147 

functions  of,  664 

■                                of  blood.  142 

quadrigemina,  602.  683 

^ft                                    tbeoHea  of,  145 

functions  of,  664 
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Corpora  striata,  602,  680 
functions  of,  657 
Corpus  albicans,  698 

Arantii,  191 

callosum,  597 

luteum,  778 

spongiosum,  778 

striatum,  597,  602,  682 
Corpuscles  of  blood,  148.  153 

of  Golgi,  107 

of  Krause,  106 

of  Meissner,  105 
Coughing,  292 
Cowper's  glands,  778 
Cranial  nerves,  611 

development  of,  824 
Cranium,  development  of,  809 
Crassamentum,  142 
Crura  cerebri,  628 
Crusta,  629 

petrosa,  76 

phlogistica,  148 
Crypts  of  LieberkOhn,  886 
Crystalloids,  179 

Cutaneous  sensations,  centre  for,  657 
Cutis  vera,  505 
Cystin  in  urine,  495 

Daltonism,  754 
Daniel's  battery,  522 
Decidua  reflexa,  808 

serotina,  808 

vera,  808 
Decussation  of  pyramids,  605 
Defecation,  420 

centre  for,  594 

nervous  mechanism  of,  420 
Degeneration  in  spinal  cord,  581 
Deglutition,  865 

centres,  609 

nervous  mechanism  of,  GGO 

time  occupied  in,  866 
Demarcation  currents,  516 
Demilunes  of  Heidenhain,  848 
Dendrite,  91 
Dental  papilla,  78 
Depressor  nerve,  260 
Descemet,  membrane  of,  714 
Descendens  noni,  627 
Deutero-proteose,  875,  895 
Development,  22,  784,  806 
Dextrin,  180 


Dextrose,  180 
Diabetes  mellitus,  452 
Diabetic  centre,  611 
Dialysis,  179 
Diapedesis,  286 

Diaphragm,  in  respiration,  274,  277 
Diastole  of  heart,  200,  204 
Dicrotic  wave,  282 
Diencephalon,  827 
Diet,  effect  of  albuminoid,  458 
of  carbohydrate,  458 
of  fatty,  458 
of  proteid,  458 

normal  requisites,  455 
tables,  456,  457 

variations  in,  458 
Diffusion,  179 

of  impulses  in  cord,  572 
Digestion.  889.  844 

enzymes  in.  844 

in  intestines,  892 

in  mouth,  845 

in  stomach,  871 
Diplopia,  618,  756 
Direct  cell  division.  18 
Direction,  visual  estimation  of,  750 
Discharge  of  nerve  impulses,  571 
Dobie's  line,  85 
Dogiel's  cells,  846 
Dreams,  658 
Du  Bois-Reymond's  induction  coil,  528 

key,  528 
Ductless  glands,  825 
Ducts  of  Cuvier,  821 
Ductus  arteriosus,  819 

venosus,  828 
Dura  mater,  578 
Dyspnoea.  298,  805 

Ear,  cochlea  of,  697 

development  of.  881 

external,  693 

internal,  696 

membranous  labyrinth  of,  697 

middle,  694 

ossicles  of,  695 

vestibule  of,  696 
Eck's  fistula.  446 
Edestrine,  117 
Efferent  impulses,  568 
Egg  albumen,  114 

yolk,  785 
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Eggs,  M  food,  841 

holoblMtic,  786 

meroblastlc,  786 
Sighih  nenre,  6dl 

cochlear  bmnch,  891 
restflmlar  tamdli,  tSS  ' 
BlMtlm48,  91 
Sectrodes,  689 

non-poUuricabla,  617 
Electrotcmiis*  644 
SleTenth  nenre.  896 
BmbiyjOiiic  thMd,  790 
XmiMioa  of  lemen  ceiiln,  894 
XmuUflcfttioii,  996 
SaAmel  cap,  79 

Xllcll7tellu^  9 

Bndof Tdiac  pieiim^  909 

SndocAidiiiiii,  189 

Xndodenii,  99 

SadomjiliiBit  99 

Siidoiieiiiiiiai,  87 

Xadotiidliiai,  99 

Xnergj,  iacone  ttiA  omtal  Of » i 

SnterokiDMe,  994 

Enzymes,  844 

Eosinophile,  154 

Epencephalon,  887 

Epiblast.  82,  780 

organs  developed  from,  806 
Epicardium,  188 
Epidermis,  88 

structure  of,  508 
Epididymis.  769 
Epiglottis.  266 
Epimysium.  88 
EpinephriD,  880 
Epineurium,  97 
Epithelial  tissues,  88 
Epithelium,  29 

classificatioD  of,  29 

ciliated.  84 

columnar,  88 

functions  of.  89 

glandular.  38 

prickle  cell,  88 

simple.  29 

squamous,  29 

stratified,  87 

transitional,  87 
Erection  centre.  695 
Erythroblasts,  178 
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Erythiodcxtrin,  893 
E)tcreta,  elements  of,  442 
Excretion,  474 

from  skin,  510 
Expiration,  quiet,  277 

Expired  tiir,  284 

changes  efTected  In,  885 

volumt?  of.  2*ift 
External  capsule,  631 
ExtreDiities^  development  of,  818 
Eye,  anatomy  of,  711 

and  the  camera,  740 

chambers  of,  712 

chromatic  aberrmtiOD,  7^ 

development  of,  888 

movementft  ol,  7S5 

muscles  concerned  In,  785 

optical  axw,  727 

refractive  surfaces  and  media,  131 
'         spherical  aberration  of,  738 
Eyeball,  711 

blood -vessels  of,  7^3 

corneo-Bcleral  junclioti,  718 

iris  Of,  716 

lena  of,  717 

nerves  of.  714 

retina  of,  719 

structure  of  choroid  coat,  716 
of  cornea,  718 
of  sclerotic  coat,  712 
Eustachian  tube,  705 

valve,  187 

Facial  nerve,  619 

functions  of,  620 

paralysis  of,  620 

relation  to  taste,  621 

secretory,  620 
FsM^es,  composition  of,  418 
Fallopian  tubes,  766 
Fasciculus  cuneatus,  608 

gracilis,  608 

of  Rolando.  608 

solitarius.  622 
Fat-splitting  ferments,  128 
Fate.  128 

as  food.  448 

digestion  of,  896,  897 

emulsification  of,  896 

saponification  of,  896 
Patty  acids,  181 
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Pechner's  law,  798 
Fenestra  ovalis.  606 
Fermentation  in  intestine,  414 
Ferments,  137 
Fibres  of  Remak,  05 
Fibrin,  118,  142 

digestion  of,  876 

ferment,  146 

formation  of,  148 

sources  of,  146 
Fibrinogen,  117,  145 
Fictitious  feeding,  880 
Fifth  nerve,  614 

ventricle,  508 
FUlet,  628,  631,  647 
Filtration,  428 

of  urine,  496 
Fission,  9 
Fixed  cells,  40 
Fcetal  membranes,  797 
Food  and  digestion,  889 

effects  of  deprivation  of,  458 
of  too  much,  452 

mastication  of,  845 

salts  of,  889,  458 
Foods,  889 

effect  of  cooking,  848 

heat-production  from,  446 

income  and  output  of  energy,  458 

inorganic,  889 

liquid,  848 

nitrogenous,  889 

non-nitrogenous,  842 

organic,  889 

percentage  composition  of,  840,  341 
Foramen  of  Munro,  598 
Forced  movements,  664 
Fore-brain,  600,  827 
Fore-gut,  797 
Form,  estimation  of,  750 
Fornix,  598 
Fossa  ovalis,  187 
Fourth  nerve,  618 
Fovea  centralis,  716,  719 
Frontal  lobe,  632 

Galactophorous  ducts,  820 
Galactose,  181 
Gall  bladder,  402 
Galvanic  currents,  522 
Ganglia,  spinal,  functions  of,  587 
Gastric  digestion,  products  of,  375 
54 


Gastric  digestion,  time  of,  877 
juice,  871 

action  on  adipose  tissue,  877 
action  on  milk,  876 
action  on  proteids,  874  / 

anti-putrefactive  action  of,  877 
chemical   composition  of,  871, 

872 
combined  acid  in,  878 
enzymes  of,  878,  874 
fictitious  meals,  action  on,  880 
functions  of.  874 
quantity  of,  872 
peptones  as  a  stimulus  to  secre- 
tion of,  880,  881 
theories  of  secretion  of  hydro- 
chloric acid  in,  878 
secretion,  nervous  mechanism  of,  879 
Gelatin,  120 
Gelatinous  tissue,  46 
Gemmation,  9 
Genital  organs  of  female,  762 

of  male.  768 
Genito-spinal  centre,  594 
Germinal  disc.  764 
matter,  2 
spot,  764 
vesicle,  765 
wall,  798 
Glands,  ductless,  825 
mammary,  819 
secreting,  315 
types  of,  815 
GlobuliDS,  116 
Globus  pallidus,  680 
Glomerulus,  479 
Glosso-pharyngeal  nerve,  622 

in  respiration,  296 
Glucose,  851,  896 
Gluconucleo-proteids,  118 
Glucoproteids,  118 
Glucose,  180 

quantitative  estimation  of,  186 
tests  for,  135 
Glycin,  123 
Glycogen.  129 

destination  of,  450 
relation  to  metabolism,  451 
sources  of,  449 
Glycogenesis,  449 
Glycocol,  123 
Glycosuria,  451 
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GnK^Un'i  lasl.  4CI5 

Goblet  cells.  U 

Qo>\gi,  corf>iiflcl(?B  of»  1U7 

cell*  of,  mi 
Qoll,  columii  of,  580 
GfnaOan  follicks.  im 
OnuD  mc  culo rie ,  465 
Oranutose.  351 
Gmy  matter  of  bmi%  005 

of  r<jfd.  TjTQ 

GuaniD,  122.  123 
Gullet,  364 
Gustatorj'  buds,  8(Ja 

ctriLfi.  sesa 

Gjrui  fDmicntus,  633 
lift  iimcytomcitLT,  1&6 

e^i'inatki.  \m 

UmntiUndin,  170 
lliismatofiorpliyriii,  WD 
ifttMiiiu^  171 
nrt!jm>gUibin,  164 

af'tiiKl  ■r>f  L';l'-i-H  I  .11     lUll 

derivatives  ot  160 

estimation  of,  167 

reduced,  166 
Hflemoglobinometer,  167 
Hsemolymph  glands,  484 
Hsemolysis,  174 
Hair,  508 

Haversiaa  canals,  58 
Hearing,  physiology  of,  701 
Heart,  188 

action  of,  200 

anatomy  of,  188 

capacity  of,  188 

chambers  of,  185 

character  of  contraction,  247 

coronary  circulation  of,  256 

cycle  of,  204 

development  of,  818 

electrical  phenomena  of,  255 

force  of  action,  215,  244 

frequency  of  action,  214,  244 

ganglia  of,  246 

impulse  of,  207 

influence  of  nervous  system,  249 
of  drugs,  258 
of  sympathetic,  251 
of  temperature,  252 


He&rt.  mlluenca  of  vaguii,  $40 

metaboliam  of,  25& 

methods  of  JnveBlign^f  1 

morphology  of^  816 

muscle,  88 

pri>pert}ed  of,  344 

nervea  of,  246 

origin  of  nerve  fibres,  ^^l 

regulation  of  force  and  in 
cowtractioWj  M4 

aize  of,  168 

Bountis  of.  205 

fllructure  of.  188 

valves  of,  189 
action  of,  201 

weight  of,  188 

work  pi^r  diem,  216.  459 
Heat,  animal.  46^ 

accompaniment  of  muscle  > 
lion,  528 

disaipatlon  of^  463 
from  Inogs,  469 
from  skin,  468 

influence  of  <?xtreme,  473 
of  nervous  system  on  pp 
of.  471 

-producing  tissues,  406 

production  of  body,  465 

regulation  of  body.  467 

variations  in  loss  of.  467 
in  production  of.  470 
Heidenhain's  experiments  on  urine  se 

tion,  501 
Hemianopsia,  655 
Heule's  membrane.  45 

loop,  477 
Henson's  disc,  85 
Heteroproteose,  875,  895 
Hiccough,  292 
Hhidbrain,  600,  827 
Hippocampus  major,  634 

minor,  684 
Hippuric  acid,  124.  491 

formation  of.  448 
Homoiothermal  animals,  464 
Hyaloplasm,  9 
Hydrobilirubin,  405,  492 
Hydrochloric  acid,  872 

combined.  878 

test  for  free.  878 

theories  of  secretion  of,  878 
Hymen,  768 
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Hypermetropia,  788 
Hyperpnoea,  805 
Hypoblast,  22,  789 

organs  developed  from,  807 
Hypoglossal  nerve,  627 
Hypoxanthin,  122,  125,  498 

Ilbo-c^cal  valve,  891 
Income  of  energy,  458 
Indican,  126,  492 
Indigo,  126 

in  urine,  492 
Indirect  cell  division,  14 
Indol,  126.  416 
Indoxyl,  416 
Induced  currents,  528 
Induction  coil,  528 
Inhibition,  function  of  nerve  centres  in, 

578 
Inogen,  549 
Inorganic  foods,  889 
Inosite,  181 
Insalivation,  846 
Inspiration,  274 
forced,  277 
muscles  of,  276 
quiet,  276 
Intercellular  substance,  27,  41 
Interlobular  veins,  400 
Internal  capsule,  629,  645 

secretions,  825 
Intestinal  digestion.  892 
duration  of,  418 
influence  of  nervous  system,  417 
secretion,  411 

functions  of,  411 
Intestine,  large,  889 

Cfficum  of,  889 
colon  of,  891 
glands  of.  891 
ileo-ca?cal  valve  in,  391 
longitudinal  bands  of,  890 
mucous  membrane  of,  891 
structure  of,  390 
summary  of  digestive  changes 
in,  414 
small,  884 

glands  of,  886 
lac  teals  in,  889 
mucosa  of,  885 
nerves  of,  884 
structure  of,  884 


Intestine,  small,  summary  of  digestive 
changes  in,  411 
valvulse  conniventes  of,  885 
Intestines,  action  of  micro-organisms  in, 
414 

absorption  from,  488 

defecation,  420 

duration  of  digestion  in.  418 

fseces  in,  418 

fermentation  in,  415 

gases  in.  418 

influences  of  nervous  system  on,  417 

movements  of,  416 

putrefaction  in.  416 
Intralobular  veins,  401 
Intrinsic  cells,  580 
Invertin,  411 
Inverting  ferments,  127 
lodothyrin,  827 
Iris,  716 
Iron,  185 

Island  of  Reil,  688 

Iter  a  tertio  ad  quartum  ventriculum, 
599 

Jacobson's  organ,  691 

nerve,  676 
Judgment  of  form  and  size  of  bodies,  691 
Judgments.  676 

Karyokinests,  14 

Karyo  plasm,  12 

Karyosomes,  12 

Katabolism,  441 

Eatacrotic  wave,  281 

Katelectrotonus,  545 

Kathode,  544 

Keratin,  121 

Kidneys,  action  of  diuretics.  498 

blood-vessels  of,  479 

effect  of  blood  pressure  on,  498 

factors  affecting  secretion  from,  499 

glomeruli  of,  479 

Malpighian  bodies  of,  475 

nerves  of,  482 

structure  of,  474 

tubuli  uriniferi  of,  475 

vasa  efferentia  of,  481 
recta  of,  481 

volume  of.  497 
Kilogramme-calorie,  466 
Krause,  corpuscles  of,  106 
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Kniyso,  itiemhraije  of  J 

Knattiitn.  134.  44H.  4IIB 

Kmtiecjkpr  Mt^ltxer.   tkismy  of   dcglati- 

K^mogmpli,  319 

Liidirymul  gbmJ,  711 
Ijic-tidbumin,  M4 

LATtlferouM  ducti«  3t0 

I^cl[>!M^.  13Q 
lACUntit,  59 
Liivulowe*  181 
Lnky  bloods  Ul 

^\im  dortftUs,  7va 

fiumttiiiry  of  digestive  changes  hi, 
414 

anittumj'  of.  5^ 
Latent  period  of  mutcle,  587 
Lateral  gray  column,  cells  of,  570 

plate,  798 
Laughing,  294 
Lecithin,  124 
Leguminous  fruits,  848 
Lenticular  nucleus,  680 
Leucin,  128 
Leucocytes,  158 
Levers,  action  of,  588 
LieberkQhn.  cysts  of,  886 

Jelly,  116 
Life,  phenomena  of,  1 
LiniD,  12 
Lipocbromes,  126 
Liquid  foods,  348 
Liquor  sanguinis,  140 
Lissauer,  tract  of,  582 
Liver,  898 

bile  capillaries  of,  402 

development  of,  888 

function  of,  403 

gall  bladder  of,  402 

glycogenic  function  of,  449 

hepatic  artery  of,  401 
veins,  401 

internal  cecretions  of,  831 


LireTt  portal  canals  of^  400 
vein  of,  400 

structure  of,  S@8 

urea  format  Inn  In.  44$ 
Locus  ca>ruleus.  602.  &2B 

niger,  602,  628 
Lud wig's  theory  of  imnf*  sei!retlaa. 
Lungs,  absorption  from^  440 

blood  supply  of,  27S 

development  of,  985 

lymphalics  of,  274 

nerves  of,  274 

stnieture  of,  2fll9 
Luxus03n9iiiDpt]on.  444 
Lymph.  484 

catjilknes.  426 
origin  of.  437 

cbnnnels  of  absorpttoti,  4S6 

chemical  coin  position  of^ 

flow,  429 

hearls.  430 

centres  for,  595 

quantity  of.  436 
Lymphatic  gbmds,  430  ^ 

ducts.  426 

system,  ^d5 

communications  of,  488 
of  diaphragm,  438 

tissue,  46 
Lymphocyte,  154 
Lymphoid  tissue,  46 

Macula  lutea,  719 
Malpighian  bodies,  475 
Maltose,  180 

inversion  of,  896 
Mammary  gland,  319 

areola  of,  821 

function  of,  821 

structure  of,  390 
Manometer,  218 
Marginal  convolution,  634 
Marrow,  bone,  56 
Mastication,  845 

centres  for,  609 

muscles  of,  346 

nervous  mechanism  of,  846 
Mastoid  cells,  694 
Meconium,  407 
Medulla  oblongata,  597 

functions  of,  608 
Medullary  folds,  792 
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Medullary  groove,  792 

plate,  792 

sheath,  92 
Meissner's  corpuscles,  105 

plexus.  884 
Melanin,  126 
Membrana  decidua,  802 

propria,  27 

tympani,  695 
Membranes  of  brain  and  cord,  578 
Membranous  labyrinth,  697 

structure  of,  699 
Menstrual  discharge,  778 
Menstruation,  776  _ 
Mesencephalon,  827 
Mesoblast,  22,  789 

organs  developed  from,  807 
Mesoblastic  somites,  794 
Mesoderm,  22,  789 
Metabolism,  7 

nutrition  and  diet,  441 
Metaphases,  16 
Metencephalon,  827 
Metlisemoglobin,  167 
Microsomes,  9 
Micturition.  502 

centre,  594 
Midbrain,  600,  827 
Milk,  822 

chemical  composition  of,  828,  841 

coagulation  of,  828 

digestion  of,  876 

globules  of,  828 

salts  of,  824 
Millon's  reaction,  118 
Mineral  foods,  842 
Mitosis,  14 
Mitral  valve,  201 
Moist  chamber,  526 
Motor  areas  of  cortex,  641 

of  human  brain,  642 
of  monkey's  brain,  644 

impressions,  589 

oculi  nerve,  612 

tracts  in  human  brain,  645 
Mouth,  description  of.  845 
Movement,  visual  estimation  of,  751 
Mucin,  118 

Mucous  membranes,  818 
Mucus,  814 

in  urine,  498 
Muroxide  test,  491 


Muscle,  action  of  voluntary,  588 
at  rest,  516 
blood  supply  of,  89 
caskets,  theory,  85 
chemical  changes  of,  580 

composition  of,  514 
coagulation  of,  514 
conditions  affecting  irritability  of, 

519 
contraction  of,  621 
contracture,  588 
curve.  524 
effect  of  blood  supply  on,  519 

of  disease  on,  520 

of  drugs  on,  582 

of  separation  from  nerve  sup- 
ply, 520 

of  single  Induction  shocks  on, 
526 

of  temperature  on,  581 

of  use  on,  520 
electrical  phenomena  of,  516 
fatigue  of.  520,  581.  584 
heart,  88 
in  activity.  619 

microscopic  appearance  of,  530 
-nerve  physiology,  514 
nitrogenous  crystalline  bodies    of, 

516 
plain,  81 
plasma,  514 
prism,  518 

record  of  contraction  of,  524 
reticulum  theory,  86 
rigor  mortis  in,  586 
serum,  614,  615 
sound,  528.  529 
stimuli  of,  521 
striated,  82 
Muscles,  action  of  involuntary,  542 

of  voluntary,  588 
as  heat  producers,  466 
centre  for  tone  of,  595 
Muscular  contraction,  521 
accompaniments  of,  528 
changes  in  shape  during,  529    , 
co-ordination  centres  for,  658 
differences  between  voluntary  and 

involuntary,  585 
latent  period  of,  527 
metabolism,  548 
phenomena  of,  521 
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Musculjir  contmciloQ,  renpomc  to  ttim* 
itlf  tn  voluntary  Rod  invohmtarj , 
635 
l^eofd  of,  ^M 
flngl^i  iwlR'h,  527 
itt^  of  ct>ut ruction.  527 

of  eUf^Hc^  Aftf^rvibmtloA,  52S 
of  ek*(igitliutJt  !}'$H 
&unitn»itlnn  of  eqntrui-niotts,  !jM 

work,  533 

Ejhfi'mtilin,  m$' 
^jjiii.  7Si7 

'  feniirnt,. 


Nails,  (M)9 

Nasal  region,  smell,  687 
otiicr  functions,  691 
Native  albumins,  114 
Nerve  cells,  99 

Nerve  centres,  automatism  of,  572 
functions  of.  570 
units  of  cord.  585 
collaterals.  98 
corpuscles,  93 

effect  of  constant  current  on,  643 
electrotonus  in,  544 
fibres,  91 

functions  of,  667 
medullated,  91 
impulse,  velocity  of,  568 
plexuses,  99 
stimuli,  543 
terminations,  102 
trunks,  97 
Nerves,  effect  of  battery  currents  on  hu- 
man, 546 
electrical  currents  in,  542 
vasomotor,  258,  259 
Nervous  metabolism,  648 
system,  567 

oerebro-spinal,  669 


Kerpoos  ijstem,  developiBCfit  t 
eyiupathetic,  W7 
tksues,  91 

ftjtonea  of,  9L 

deniJti(i*«t.  91 

gttDgtk,  101 

non>mcdulbt€d  fibnsy ! 

Paeinian  bodies.  IM 

tactile  menist|iiG£,  tO? 
Neuml  Cftiial.  1^2 
Neumjcooc.  91 
Neui^uicdc  eftnai,  TWK 
Neunleiiiiiia.  Otl 
Neuroglia.  107,  S7« 
Neurokeratin^  123 
Neuron.  91 
Neutrophil.  154 
KiDtli  nerve,  023,  620 
Nitrc^geu  equilibrium.  448^ 
Nitrogenous  bases.  123 
Nodes  of  Ranvkr,  SKS 
Ncpud  viml,  SSI5 
Normal  ^ilitie  f^-ihitian^  85 
Nose.  (levH«^»nijit«ijt  of,  8^ 
Notricbnr'    T'l^ 

Nuclear  matrix,  18 
Nucleic  acid,  119 
Nuclein  bases,  122 
Nucleins,  119 
Nucleoli,  12 
Nucleo-proteids,  118 
Nucleus,  11 

anibiguus.  622 

of  Pander.  789 

structure  of,  12 

Occipital  lobe,  633 
Odontoblasts,  72 
(Esophagus,  864 
Oils,  128 
Olfactory  bulb,  688 

centre,  656 

tract.  656 
Olivary  bodies.  602,  605 
Olive,  superior,  622.  628 
Omphalomesenteric  duct,  796 
Oncograph,  498 
Oncometer,  497 
Ophthalmoscopw?,  743 
Optic  centres,  664 

lobes,  664 

thalami.  697,  602,  681 
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Optic  thalami,  functions  of,  657 
Optical  apparatus,  710 

anatomy  of,  710 

defects  of,  788 
axis,  729 
Organ  of  Corti,  700 
Organic  substances.  111 
Organized  ferments,  414 
Organs,  development  of,  807 
Osmosis,  179 
Osseous  labyrinth,  696 
Ossicles  of  ear,  695 
Osteoclasts,  65 
Osteogenetic  fibres,  61 
Output  of  energy,  458 
Ovaries,  762 
Oviducts,  766 
Ovum,  768 

changes  in,  784 

following  impregnation,  786 

prior  to  impregnation,  784 
Oxaluric  acid,  493 
Oxygen  in  expired  air,  284 
Oxyhaemoglobin,  165 
Oxyntic  cells.  369 
Oxyphil,  154 

Pacchionian  bodies,  575 
Pacinian  corpuscles,  104 
Pain,  sense  of,  681 
Pancreas,  892 

action  of  secretin  on,  398 

of  nerves  on,  898 
changes  in  cells  during  secretion,  393 
development  of,  833 
extracts  of,  394 
functions  of,  395 
internal  secretion  of,  331 
islands  of  Langcrhaus  in,  393 
structure  of,  392,  893 
secretion  of,  894 
Pancreatic  diabetes,  331 
juice,  394 

chemical  composition,  395 
conditions   favoring  action   of, 

397 
enzymes  of,  395 
enterokinase,  action  on,  394 
functions  of,  395 
secretion  of,  394 
secretion  of,   action  of  nerves 
on,  898 


Pancreatic  juice,  secretion  of,  action  of 

secretin  on,  398 
Papilla;  of  skin,  505 
Paraglobulin,  117,  159 
Paralytic  secretion  of  saliva,  856 
Parathyroids,  326 
Parietal  lobe,  632 
Parotid  gland,  357 
Parturition  centre,  595 
Penis,  772 
Pepsin,  3 

action  of,  375,  876 

functions  of,  376 

how  obtained,  377 
Pepsinogen,  371 
Peptones,  117,  374 

characteristics  of,  376 
Perceptions,  676 

taste  and  smell.  685 
Perforating  fibres  of  Sharpey,  60 
Perfusion  cannula,  254 
Pericardium,  183 
Perimysium,  82 
Perineurium,  97 
Periosteum,  57 

Peripheral  resistance,  217,  268 
Perspiration,  510 
Pettenkofer's  test,  404 
Peyer's  patches,  387 
Pflttger's  law  of  contractions,  545 
Phagocyte,  156 
I^harynx,  362 

Phenols  formed  in  intestines,  416 
Phosphates,  estimation  of,  139 
Phosphoric  acid  in  urine,  494 
Phrenograph,  279 
Pia  mater,  573 
Pigments,  125 
Pmeal  gland,  338 
Pituitary  body,  330 

development  of,  809 
Placenta,  803 

formation  of,  802 
Plasma,  141 

cells,  41 

salted,  147 
Pleura,  269 

Pie uro- peritoneal  cavity,  793 
Pneumogastric  nerve,  623 
Pneumograph,  279 
Poikilothermal  animals,  464 
Polar  bodies,  784 
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Pol^  eeU,  781 

I^us  Vamlif.  037 

Pork,  compotiiiUm  o(,  340 

FoBtdlcrotic  wave,  aai 

Posterior  oommiafliire  of  fipiunl  oordp  575 
lo&gitudin&l  buodlr,  I^W 
^m  nmrgioal  zone,  582 

^H         pjmmidH.  1^3 
^B        Tooia  of  iptnal  nerves.  588 
^^oultry,  compos)  tloD  of^  %iQ 

^^hodScroUc  wave*  331 
Pro»tiyt>pia.  785.  740 
Pressor  ii(Tv<ra»  250  _. 

tkle  ce][»,  88  "I 

Wmftry  or^kBt  ^  -^ 
Primitive  gfoov 


&trfak>  7&0 
Proimek*us,  f* 

pbanes,  15 
ProBecrctin,  S08 
i^rosen  cc  pbalon , 
'rostak)  glaiuK  7«i 
_^¥Dtmmin4?9,  13S 
Protargons.  128  ^^"^^ 

Proteids.  Ill 

chemical  reactions  of,  112,  118 

circulating,  444 

coagulated,  117 

compound,  118 

decomposition  products,  122 

digestion  of,  874,  895 

effects  of  diet  of,  445 

floating,  444 

morphotic,  444 

properties  of,  112 

tissue,  444 

varieties,  114 
Proteoids,  120 
Proteolytic  ferments,  127 
Proteoses,  117 

primary,  875,  395 

reactions  of,  876 

secondary,  875,  895 
Protoplasm,  2 

chemistry  of,  8 

definition  of,  8 

growth  of,  7 

irritability  of,  6 

movement  of,  4 

properties  of,  8 

reproduction  of,  8 


J 


ProiopUflm,  stimuli  of,  € 

vital  chartict eristics  of^  4 
Froto  proteose,  376,  395 
Protovertehru',  794 
Pseudoscope,  1^1 
Pseiidostomata»  3S 
Ptosis.  613 
Ptyalln.  851 

aeiion  of,  352,  858 
Pulse.  227 
Piilvinar,  631 
Pupil,  717 

movements  of,  7S$ 
PuHn  base*  122 
Furkiajc*s  cells,  659 

figures.  741 
Putanien^  030 

PutrefaciitiD  in  lat4stices.  41i 
Pyramids,  60S 

RA17VTE11,  Bodea  of,  05 
Reaction  of  dcgeoemtion,  54ft 
RGctiim,  the,  390 
Recurrent  setiaibility*  587 
Red  eorpn cell's,  lAH 

action  of  reagents  on,  14S 

destruction  of.  835 

development  of,  176 

enumeration  of,  156 

origin  of,  178.  885 

varieties  of,  160 
Red  nucleus,  602 
Reflex  action,  570 

arc,  570 

cord  in,  590 
Reflexes,  591 

cutaneous,  591 

inhibition  of,  592 

morbid,  598 

muscle,  591 

special  centres  for,  593 
Reraak's  fibres,  95 

ganglion,  246 
Rennin,  876 

Reproductive  organs,  762 
Reserve  air,  282 
Residual'air,  282 
Respiration,  264 

effect  of  altitude  on,  809 
of,  on  circulation,  300 
of  various  gases  on,  808 
of  vitiated  air  on,  800 
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Respiration,  influence  of  general  sensory 
nerves,  297 
of  glosso-pharyngeal,  297 
of  superior  laryngeal,  296 
of  vagus  on,  296 
inspiration,  274 
mechanism  of,  274 
movements  of  vocal  cords  in,  559 
nervous  apparatus  of,  294 
rhythm  of.  280 
special  acts,  291 
Respirations,  number  of,  288 
Respiratory  apparatus,  265 
capacity.  282 
centre,  295.  610 

automatic  action  of,  297 
stimulation  of,  298 
changes  in  air  breathed,  285 
in  the  blood,  289 
in  the  tissues,  290 
movements,  recording  of,  278 
of  nostrils  and  glottis,  281 
murmur.  281 
muscles,  force  of,  282 
quotient,  287 

terms  for  quantity  of  air  breathed, 
281 
Restiform  body.  605 

tissue.  46 
Reticular  formation  in  medulla,  605 
lateral,  579 
posterior,  579 
Retina,  719 

cones  of,  721 
excitation  of,  741 
layers  of,  720 

movement  of  pigment  cells,  746 
reciprocal  action  of  parts,  754 
rods  of,  721 
Rheoscopic  frog,  548 
Rhythmical  contractility,  245 
Ribs,  movements  of,  in  respiration,  276 
Rigor  mortis,  586 

cause  of,  586 
heat.  587 

order  of  occurrence,  587 
water,  537 
Rima  glottidis,  266 
Ringer's  solution,  256 
Ritter's  tetanus,  546 
Roy's  tonometer,  254 
Running,  542 


Saccharoses,  185 
Saliva,  850 

action  of,  on  starch,  851 

chemical  composition,  850 

conditions  favoring  action,  858 

nervous  centres  for,  610 

mechanism  of  secretion,  854 

properties  of,  850,  851 

ptyalin  in,  852 
quantity  of.  351 

rate  of  secretion  of,  851 

uses  of,  851 
Salivary  digestion  in  stomach,  854 

glands,  846 

blood-vessels  of.  849 
changes  in    cells  during  secre- 
tion, 857 
development  of,  888 
nerves  of,  849 
stnicture  of.  846 
varieties  of,  848 
Sanson's  images,  788 
Saponification,  896 
Sarcode,  2 
Sarcolemma,  88 
Sarcomeres,  87 
Sarcoplasm,  85 
Sarcosin,  128 

Schifl's  test  for  uric  acid,  491 
Schwann,  sheath  of,  98 
Sebaceous  glands,  507 
Sebum,  607,  511 
Secretin,  898 
Secreting  glands,  815 
Secretion,  810 

circumstances  influencing,  818 

discharge  of,  317 

internal,  825 

organs  and  tissues  of,  811 

process  of,  817 
Segmentation  in  chick.  787 
Semicircular  canals,  697 
Semilunar  valves.  202 
Sensations,  common,  674 

of  color,  752 

special,  675 
Sense,  hearing,  698 

muscular,  682 

of  pain,  681 

of  sight,  710 

of  smell,  687 

of  taste,  684 
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Seme  of  tanpemtiiTO,  680 
of  touch,  078 
orgaai,  developiiieiil  of;  818 

,1116.874 
QMClal,  677 
SeiMKny  centres,  6M 
impresilmit,  688 
Septom  luddum,  697 
B&tcfOB  membimnes,  811 

fuDctioiis  of,  81S 
Bmum.  160 

albumin,  116,  168 
l^lmlin,  116, 168 
globnUddal  action  of,  174 
bsmolftic  actfoa  of,  174 
fyredi^tina  of,  174 
8aT€litli  nerre,  810 

flasiml  organs,  female,  ftfMk^  itf, 
775 
male,  pbysfc^ogy  of,  781 
8iiliinf.098 
l»^t,711 
8llleon,186 
Siiiging,  008 
Sixth  nerve,  610 
Sinus  rhomboidalis.  798 
Size,  estimation  of,  749 
Skatol,  126 
Skdu,  15 

Skeletal  muscle,  82 
Skin,  absorption  from,  439 
appendages  of,  508,  509 
functions  of,  510 
glands  of,  506 
papillae  of,  505 
structure  of,  508 
Sleep,  652 
Small  intestine,  884 

glands  of,  886 
lacteals  in,  889 
mucosa  of,  885 
nerves  of,  884 
structure  of,  884 
summary  of  digestive  changes 
in,  411 
Smell,  centre  for,  666 

sense  of,  687 
Sneezing,  293 

centre,  610 
Sniffing,  298 
Soaps,  181 
Sobbing,  294 


SoHditj*  judgment  (%i,  TOO 

Somatopleiiro.  793 

BonmambuUi^nv,  65^1 

Sound  of  ft  m  true  ting  musele^  J 

Sounds,  70S 

Spti^^m  eetitre^,  811 

Speakiag,  mi 
^fipeeial  centres  in  bulb.  60ft 
H      respiratory  nets,  201 
^^      sensatiojis^  67.*! 

Speech,  564 

ftction  of  t-fmgiio  In,  56G 

Spc^rmH  to  blasts.  771 

Bpiinnat«Z(m,  781 

SpliygmogrHm,  23B 

BpbygmogmpU,  f28 

Spbygmonit^txT,  380 

Spinal  acft^ssory  iserve^ 

Ibuib.  597,  6o2 
centrea,  593 
cord,  580 
atttcro^bitf-'ml    tiiccodlng  tmd 
antt'm»*lJiti*nil  dtrseciidtiig  Itid 

681 
ascending  degeneration  of,  58Q 
columns  of,  580 
comma- tract  of,  581 
course  of  motor  impulses  in,  66 
course  of  sensory  impulses  ii 

588 
conduction  in,  587 
crossed  pyramidal  tract,  681 
descending  degeneration  of,  68 
development  of,  U25 
direct  cerebellar  tract  of.  SB2 


dircLt  pyiuiiiid.J  ti.i. 

fuiicticins  of,  "^G 

gray  matter  ^1,  5T8 

Li.s^uer's  tract, 

p{^ii]iadties  of  differs 
655 

postero-laicral  r^>lumn^  I 

poetcro-mar^in 

postem-ii\ci 

reflex  at-tit 

white  matt- 

weight  jLI 
nerve  roots,  i 
nerves,  582 

anterior 

Goursec 
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Spinal  nerves,  development  of,  824 

posterior  roots  of,  584 
Spirem,  15 
Spirometer,  282 
Splanchnic  nerves,  670 
Splanchnopleure,  793 
Spleen,  831 

functions  of,  334 

influence  of  drugs  on,  336 
of  nervous  system  on,  336 

lobules  of,  383 

Malpighian  corpuscles  of,  883,  334 

pulp,  333 

structure,  332 
Spongioplasm,  9 
Stammering,  566 
Stjinnius*  experiment,  248 
Starch,  129 

action  of  amylopsin  on,  390 
of  ptyalin  on,  352 

formation  of,  19 

granules,  structure  of,  351 
Starvation.  454 

death  from,  454,  455 

effect  on  body  temperature,  454 

symptoms  of,  454 
Steapsin,  397 
Stellate  cells,  659 
Stercobilin,  405 
Stercorin,  410 
Stereoscope,  750 
Stethograph,  279 
Stethometer,  279 
Stokes'  fluid,  166 
Stomach,  367 

absorption  from,  438 

action  of  pylorus  in,  878 

blood-vessels  of,  870 

changes  in  glands  during  secretion, 
370 

di^ostion  of,  after  death,  381 

functions  of,  371 

gases  in,  419 

glands  of,  369 

lymphatics  of,  370 

movements  of,  377,  379 

nerves  of,  871 

nervous  control  of  secretion,  879 
control  of  movements,  879 

secretion  in,  871 

structure  of,  867 
Stomata,  81 


Strabismus,  618 
Stratum  granulosum,  508 

intermedium  of  Hanover,  79 

lucidum,  503 

Malpighii,  503 
Striated  muscle,  82 
Stromuhr,  Ludwig's,  288 
Sublobular  veins,  401 
Submaxillary  gland,  action  of  atropine 
on,  856 
paralytic  secretion  of,  356 
secretion  of,  855 
secretion  of,  nervous  influence 
on,  355 
Substania  centralis,  578 

gelatinosa,  578 

lateralis,  578 
Subzonal  membrane,  799 
Succus  entericus,  411 
Sucking,  294 

centres,  609 
Sudoriferous  glands,  506 
Sugar,  test  for,  853 
Summation  of  stimuli,  571 
Superior  laryngeal  nerve,  in  respiration, 

296 
Suprarenal  capsules,  327 

active  principle  of,  880 

composition  of,  828 

functions  of,  329 

nerves  of,  828 

relation  to  Addison's  disease,  330 

structure  of,  327 
Swallowing,  365 
Sweat,  506,  510,  611 

centres,  611 

glands  of,  506 

influence  of  nervous  system  on  se- 
cretion of,  512 
S3Tnpathetic    ganglia,     functions     and 
structure,  667,  672 

nervous  system,  667 

system,  functions  of,  670 
Synapsis,  570 
Synovial  fluid,  812 

membranes,  311 
Systole  of  heart,  200,  204 

Tactile  corpuscles,  105 

menisques,  107 
Taste,  684 

after-,  686 
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Tiiat«,  eeutrc,  656 

conditioDi^  ncces^ry  for,  684 

goblets.  383 

eesL  of,  6B4 

varieties  of,  08d 
Tfturia,  124 
Teeth.  60 

composition  of,  73 

crusta  petrosa,  76 

dentioc  of,  78 

tkvelopmeiit  of,  76 

euftiiiel  of,  75 

p^mam;!!!,  71 

Btnictiire  of,  73 

tempomrj,  70 

wisdom,  71 
Tegnjentum,  6ti8,  6^ 
Telopliaiii^s,  17 
Tetnpemlure,  body,  46»1 

diss) pa tj 00  of,  468 

Influx  nee  of  extnime  beat  uuil  colrl 
oa,  47^ 

rcf^ulation  of,  467 

seiiFw  of,  680 

vaiiiitioDs  of,  463 
Temporal  lobe,  688 
Tenth  nerve,  623 
Testes,  769 

Testicles,  descent  into  scrotum,  888 
Tetanus,  688 

Hitter's,  546 
Thalamenceplialon,  827 
Thebesius,  vessels  of,  267 
Third  eye,  888 

nerve,  612 

ventricle,  597 
Thoracic  duct,  426 

Thorax,  respiratory  changes  in  diame- 
ter. 275 
Thrombin,  146 
Thymus  gland,  887 

functions  of,  838 
Thyroid  glands,  325 

accessory,  826 
functions  of,  327 
Tidal  air,  281 
Tissue  elements,  27 
Tissues,  connective,  40 

elementary,  26 

epithelial,  28 
Tongue,  359 

epithelium  of,  861 


Tongue,  muscle  A  of,  359 

papUlu;  of,  361 

structure  ot  360 
Tonic  ct?atrcs,  6U 
Tonometer,  254 
Toniils,  363 
Touch  corpu  scales,  105»  078 

sense  of,  078 
Trachea,  37G 
Tract  of  Oowera  autl  Tooth,  iS82 

of  Lissauer,  5H2 
Trau be- Herring  eurvt's,  80& 
Tricuapid  valvt%  action  of,  201 
TrigeminuH  nerve,  fil4 
TTOchleflris  nerve,  613 
Trypsin,  395 

action  of,  395 
Tunica  ulbnglnea,  763 
Tubuli  setnlniferi,  770 

ufiniferi,  475 
Twelfth  nerve,  627 
Tympanum,  694 
Tyrostn,  134 

UMBtLiCAL  cord,  800 

vesicle,  796,  797 
Uncinate  gyrus,  684 
Unstriped  muscle,  81 
Urea,  122 

antecedents  of,  446 

biuret  reaction  of,  488 

chemical  nature  of,  488 

formation  of,  in  the  liver,  445 

in  the  urine,  486 

other  places  of  formation,  447 

properties  of,  487 

quantitative  estimation  of,  137,  489 

variations  in  amount  excreted,  488 
Ureters,  482 

structure  of,  482 
Urethra,  778 
Uric  acid,  122,  125,  489 

condition  of,  in  urine,  490 

formation  of.  445,  447 

properties  of,  489 

tests  for,  490,  491 

variations  in  quantity  of,  490 
Urina  cibi,  486 

potus,  486 

sanguinis.  486 
Urinary  bladder,  488 
Urine,  483 
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Urine,  abnormal  constituents  of,  486 

average  daily  quantity  of  constitu- 
ents, 485 

chemical  composition  of,  484 

chlorine  in,  495 

colored  by  medicines,  402 

cystin  in,  405 

estimation  of  solids  of,  485 

extractives  of,  498 

factors  aifecting  secretion  of,  490 

filtration  theory  of  secretion,  496 

gases  in.  496 

hippuric  acid  in,  491 

indican  in,  492 

indigo  in,  492 

kreatinin  in,  498 

method  of  secretion  of,  496 

mucus  in,  493 

occasional  constituents,  495 

passage  into  bladder,  502 

physical  properties  of,  488 

phosphoric  acid  in,  494 

pigments  in,  491 

quantity  of,  486 

reaction  of,  484 

relation  of  secretion  to  blood  press- 
ure and  flow,  499 

saline  matter,  498 

secretion,  theories  of,  500 

influence  of  heart's  action,  496, 
497 

solids  of,  486 

sulphuric  acid  in,  498 

urea  in.  486 

uric  acid  of.  489 

variations  in  quantity  of  constitu- 
ents, 485 
in  specific  gravity,  485 

xanthin  in,  498 
Urobilin,  126.  405 
Urochrorae,  126 
Uroerythrin.  126,  492 
Uromelanin,  492 
Uterus,  767 

Vagina.  768 

Vagus  nerve,  623 

effects  of  section,  625 
functions  of.  624 
relation  to  deglutition,  366 
relatition   to   gastric  secretion, 


Vagus  nerve,  relation  to  heart's  action, 
249 
relation  to  movements  of  stom- 
ach, 880 
relation  to  respiration,  296 
Valsalva,  sinuses  of,  191 
Valve  of  Vieussens,  600 
Valves  of  heart.  201 

of  veins,  197 
Valvulffi  conniventes,  885 
Vascular  system,  development  of,  818 
Vas  deferens,  769 
Vasa  vasorum,  198 
Vasomotor  nerves,  258 

centres,  259,  610 

reflexes.  2r)9 
Veins,  197 

development  of,  820 

distribution  of,  197 

structure  of,  197 

valves  of,  197 
Velum  interpositum,  598 
Venous  flow,  287 
Ventilation,  800 

Ventricles  of  heart,  action  of,  200 
Ventriloquism,  566 
Vemix  caseosa,  511 
Vertebral  column,  development  of,  807 

plate,  798 
Vertebrate  brain,  688 
Vesicospinal  centre,  594 
VesiculiB  seminales.  711 
Vesicular  breathing,  280 
Villi.  889 
Visceral  arches.  810 

clefts,  810 

tolds,  810 

plates,  796 
Vision,  accommodation  of.  731 

binocular,  756 

field  of,  748 

mechanism  of  accommodation,  788 

range  of  distinct,  734 

reversion  of  image.  746 
Visual  axis,  720 

centre,  654 

judgments,  746 

perceptions,  746 

purple,  745 

sensations,  741 

after-images.  742 
duration  of,  742 
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H        Visim!  acnaotions,  intenaity  of.  713 

Walilo«g,  510                    ^^^^^^^H 

H                aense,  710 

Wnllerian  degetieratlon,  575            ^^^H 

H        Yittil  capttolty,  28$                   m 

Wharton's  jdly,  46                            ^^H 

■        Ylt^Uia,  130 

WuimaQ  bodies,  885                         ^^H 

■        VitelliDe  duet,  7^ 

^^^H 

H        Vof'jil  cords,  movementB  of,  559 

XANTRDf,  195                                                 ^^^H 

■        Voice,  551 

Mse,  123                                       ^^H 

H               tl  1  (Ti.'  ren  co  be  tweeo  nmJe  nad  f camk, 

in  urine.  403                               ^^H 

B 

Xantbo-proteic  reaelioti,  113             ^^^| 

^V              hi  imgiag  aod  ftpeakififr.  560 

^^^H 

■        Yomitiog,  8tt3 

^L               actioii  of  fkbdciminal  niusHrs,  3J!^ 

YAWNUiTG,  294                                                   ^^^H 

B                     of  diaphfugm.  m%  S8B 
^V                    of  pvlorus,  883 

Yellow  spot  of  Soemmering,  719            ^H 
Yolk  sac,  807                                     ^^B 

H              Dorvous  mediaoism  ot,  883 
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■       Yowals,  565 
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